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BBEJIEHVE

Mertop peHTIeHOBCKON IudpakToMeTprn 3a OoJiee 4eM TOITyBEKOBOE CY-
IIIECTBOBAHHUE HaIlIeJl IIMPOKOE IPHMEHEHHE KaK B HAYYHOH, TaKk U B IPOU3BO/-
CTBeHHOH cdepax. B HacTosmee BpeMs OONbIIOe BHUMAHHE YIEIASTCA HE TOMNb-
KO TPaIUIIMOHHBIM IpoOrieMaM (ompeeeHre HaeanbHbIX CTPYKTYPHBIX MOZIETIEH),
HO ¥ MICCJIEZI0BAHUIO MH/IMBUIYaJIbHBIX CTPYKTYPHBIX OCOOEHHOCTEH KOHKPETHO-
T'0 KPHCTAJUIMYECKOr0 MHANBUA. B psizie citydaes npy NCCIIEIOBAHNUY CBSI3EH CTPYK-
Typa-CBOMCTBa MOXKHO MCIIOJIB30BaTh TPAIUIMOHHBIE, OTPAOOTaHHbIE 32 MHOTHE
rofibl MeTObl. B OTAENBHBIX citydasx HeoOXOMMMBI JIONOIHUTENbHEIE Jlabopa-
TOpHBIE METOUYECKHE pa3padoTku. Hanbonee noxpodHOE M3nokeHne npodiiem
U 33/1a4 PEHTIeHOBCKOM An(pakTOMETprH puBesieHo B pabote [I.M. Xelikepa n
JI1.C. 3eBuna «PentreHoBckas mudpaxromerpus»y (M.: Gusmarrus, 1963.—280 c.).
OpHaKo Ta KHUT'a He ITepen31aBaiach U JaBHO cTasa OHOInorpauiecKoi penko-
CTBI0. BOIPOCHI, CBSI3aHHBIE C PAKTHYCSCKOM PEHTTEHOBCKOM AH()PaKTOMETPHEH,
00CYyKIaITNCh U B APYTHX U3JaHUSX, HO OHH, K CO’KaJICHHUIO, TI0 PsiLy IIPUYHH IPaK-
THUYECKU HEJOCTYIIHBI YUTATENI0. B TO e BpeMs Bpsi n KTO-HUOYAb OyzneT co-
IJIaCEH C YTBEP)KACHHUEM, YTO COBPEMEHHAs! CTPYKTypHas (PH3MKa KOHAEHCHPO-
BaHHOTO COCTOSIHHSI MOXKET pa3BUBAaThbCA 0€3 MCIIOIb30BaHMS PE3yJIbTATOB
peHTreHoBckol qudpakromerpun. Llenpro Hamed paboThI SBISETCST 00CYKICHUE
IIPHEMOB pabOTHI € AMPPAKTOMETPOM, OIIMCAHHE PEIIaeMbIX METOJJOM PEHTI€HO-
BCKOU Jn(pakToMeTpuu 3a7ad. YueOHoe ocodne MnperHa3HaueHo JUIs CTyIeH-
TOB, MarnCTPaHTOB, ACIIMPAHTOB, MOJIOZIBIX MCCIIEA0BATENEH, KOTOPHIM BIIEpPBbIE
MOTPEeOOBAIUCE JIEMEHTAPHBIE 3HAHHS O BO3MOXKHOCTSIX PEHTICHAN(PPAKTOMET-
pun. B nipeuiaraemoe yaeGHoe ocodue He BKIIFOUEHBI Pa3/ielibl, OTHOCSIINECS K
kpuctautorpaduu. [Ipenmonaraercs, 4To YUTATENIb 3HAKOM C TAKAMH HOHATHAMH,
KaK CUMMETpHsI, CHHI'OHUSI, TOYEYHAsl ¥ IPOCTPAHCTBEHHAs IPyINa, KPUCTAILIO-
rpadudeckre HHIEKCHI 1 T. 1. CBeeH s 00 OCHOBHBIX KPUCTAILIOrpaduuecKux (1
KPUCTAUIOXMMHYECKHX ) IIPEICTABIICHISX MOYKHO IOJIYYHTh U3 MOHOIpaduii 1 yueo-
HBIX IOCOOHIA, B TOM YHCJIE M U3AAHHBIX B | POHEHCKOM IOCyAapCTBEHHOM YHUBEP-
curere (JInono B.A. Marpuanas kpuctamiorpadust. — [pomso: IPIY, 1998.— 78 ¢.;
JInomno B.A. CoopHuk 3aa4 no kpucrawiorpaduu. — [poruo: [pI'y, 2000. — 67 c.;
JInono B.A. CoopHuK 3a/1a4 IO CTPYKTYpHOH (hH3MKE TBEPAOrO Teja. — [ pomHo:
IpI'Y, 2001.— 117 c.). MBI He paccMaTpUBAIM METOIBI BHICOKOTEMIIEPATYPHOH 1
HM3KOTEMIIEPATYPHO# M(PAKTOMETPHIA, HIYETO HE TOBOPIIIM O BO3MOMKHOCTSIX T10-
Jy4eHus T(PaKTOrpaMM OT MEXaHUUYECKH HAIIPSDKEHHBIX KPHCTAILIOB, 00 HCCIeo-
BAHNM CTPYKTYpPBI PAJIMOAKTHBHBIX KPUCTAJUIOB, O MAJIOYIJIOBOH AU(DPAKTOMETPHHL.
MoskHO yKa3aTh U IpyTHe pa3zelbl, He Bomeme B mocodue. [lomaraem, uro, mo-
Jy4UB OCHOBHBIE CBEIICHHMS O METOIE PEHTICHOBCKOM AM(PAKTOMETPHUH, HAYHHAO-
M MCCIIENI0BATENBCKYIO AEATEBHOCTD CIENHAIIICT MOKET YIITyOUTh CBOU 3HAHMS,
00paTHBIIIKCH K IPyTyM, Oostee AeTaTbHBIM HAyIHBIM ITyOTUKAIHSIM.
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1. PEHTTEHOBCKUE JIYUI

Nznyuenne, otkpeiToe Bumsremsmom Korpanom Pentrerom B 1895
rO/ly ¥ Ha3BaHHOE €r0 MMEHEM ', Ha IIIKaJIe HJIEKTPOMArHUTHBIX BOJIH (PHC.
1) pacmonokeHo MeXKTy Y -TydaMu U yIBTPaprOIeTOBON YaCThIO CIICKT-
pa. JlrHa BOJIHBI pEHTIEHOBCKHX JTydel HaxoauTcst B oomactu 102 — 102
E (1 E=1 Aurctpem = 10'° ). Tak Kak pEHTT€HOBCKHE JIyYH Ha IIKajIe
AJIEKTPOMATHUTHBIX BOJH MPUMBIKAIOT K Y -ITy4aM, TO, TOBOPSI O PEHTTe-
HOBCKHX JIy4aX, 324aCTyI0 HCIIONE3yI0T TEPMUH Y -KBaHT. DHeprus Y -KBaH-
Ta ONpeeNsIeTCsl HEPEXO0IOM NEKTPOHA C OAHOTO SHEPIeTHIECKOr0 YPOB-
HS B aTOME (HarpuMep, C YPOBHS j ) Ha IPYToi SHEPreTUIECKUIA YPOBEHb

(i)

hW=E, -E =AE, M
10* 10* 10° 10 10* 10° 10°® 101 1012 A, M
Z
2
\_10xkm  100m 1M lcm  100MxM ) § 10um |, 0,1am 0,001eM A
Y I T
Pa10BONHBI A | Ynsrpaduqne- T'amma-
TOBBIE JIy4H- M3JTyYCHHE
HnudpakpacHsie Pentrenosckoe
Jyqu H3JTyYEeHHe

Puc. 1. llIxasa 371€KTpOMarHUTHBIX BOJIH

PasHuna sHepruii Mexy COCETHUME YPOBHIMHU TeM OOJIbIIIE, YeM
MeHbIlie ux HoMepa. ClieoBarenbHO, IS MOIyYeHUs] PEHTTE€HOBCKOTO
W3JYYCHUsS HAZ0 BO30Y>KIaTh BHyTPeHHUE 00004KH aroma. Ecim BO3-
oyxxnaercst K-0001104ka, TO €CTh IEKTPOH BHIOMBASTCSI C CAMOTO HIXKHE-
ro ypoBHs, To m3nyuyaercs K-cepus, ecnu L-o60mnouka, To L-cepus u T. 1.
Ha puc. 2 npuBeieHa cxeMa BOZHUKHOBEHUS HanOoOJIiee MHTCHCHBHBIX
muani K- u L-cepun. JI7ns momydeHus TMHIHA 3TUX CEPHA HEOOXOIUMO
BO30YIUTH COOTBETCTBYIOIINE SHEPTETUICCKIE YPOBHU (OpOUTAIN), JUIS
3TOTO B TIO/IABIISAIONIEM OONBIIIMHCTBE CITyYaeB MCIIOIB3yETCs AIEKTPOH-
HBII My4YOK C BHEPryei 3JIEKTPOHOB, MPEBBIMIAIONIECH SHEPIUI0 MOHU3A-
1M (BO30YKIICHHST) COOTBETCTBYIOIIETO YPOBHS. DJICKTPOHHBIE ITYIKH CO-
3/IAI0TCS B YCTPOUCTBAX, HA3BIBAEMBIX DJICKTPOHHBIMH ITyIIIKaMH (puc. 3).

“B psizie cTpaH BMECTO TePMUHA «PEHTTEHOBCKOE H3IIyYCHHE) HCIIONB3YETCs Ha3BaHHE
«UKC-Tyqm» (X-rays). IMeHHO Tak 9T0 m3:Tydenue 6b110 HazBaHo camuM B.K.PertreHom.
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V-00pazHblii METAIUTNYECKHI KATOJT pa30TrPeBacTCs CHEIHAIBLHBIM HCTOYHU-
KOM TOKa. MKy KaTomoM M aHOIOM CO3/IAETCs pa3HOCTh IIOTEHIHAIOB U .

M;

M,

M M;
M,

M,

Ls

L Y1,

L

\al o2} Bi Bs Bs 1 ) 1

L—cepus
' Vv Yy Vv

K L] B1 B, K
OGOHW_V‘_J YpoBHU
(opburanb)  k-cepus 3HEDrHH

Puc. 2. Bo3HUKHOBEeHHE HanO0Iee HHTEHCHBHBIX JIMHMH K- 11 L-cepuit

Puc. 3. Cxema snexkrponHoii mymku. H — HarpeBarens katona, E — HCTOUHHK yCKopsito-
11ero HarnpspkeHus, A —anon, D11 —31eKTpoHHBIH Ty4oK, M — MUILIEeHb,
PJI-penTrenoBckuii my4
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dopma aHO/Ia BEIOMPACTCS TAKOM, YTOOBI ANIEKTPHYECKOE ITOJIE OBLIO
pe3Ko HeOHOPOIHBIM. Hanbornbiee yckopeHue 31eKTPOHbI TTOTY4YaroT B
00J1acTH, IPUJICTAIOIIEH K KaTo/Ty, U MPOJIETast Yepe3 CrelranbHOe OTBEp-
CTHE B aHOJIE, CO3/IAIOT DIICKTPOHHBIH ITy4OK, KOTOPBIH BBI3BIBACT B 00Opa3-
e BO30YXKJICHUE j -TOTO DHEPreTHYECKOro ypoBHs. Ecim sHeprus Bo3-
Oyxnenus E; He OONbIIE SHEPTHH JIEKTPOHOB ( £, ), TO

E ,=eU>E, @

s Bo3OYKIeHHs (ITyOpECIIECHTHOTO PEHTTEHOBCKOTO H3TYICHUS
MOXKHO HCIIOJIb30BaTh U PCHTITCHOBCKOC MU3JIIYyYCHHC C ‘laCTOTOfI, IIPCBbI-
HIAOIIEH JacToTy B036y)KI[aCMOF0 PCHTICHOBCKOI'O U3JTy4YCHUA.

[pu obmyvyennn obpasia MmydYKoM SIIEKTPOHOB, HAPSLY C PEHTICHO-
BCKHM HU3JIy4YCHUCM, BOSHUKAIOIIIUM B UCCIICAYEMOM 06pa3ue 1 Ha3bIBac-
MOM XapaKTCPUCTUICCKUM U3ITYUCHUCM, CO3AACTCA U3JITYyYCHUC ITPU TOP-
MOXCHHUH JJICKTPOHOB, KOTOPOC HA3bBIBACTCA TOPMO3HBIM. Tunuunas
CIIEKTPOTpaMMa TOPMO3HOT'O H3ITyIEHHUS [IPUBEIEHA Ha prc. 4. MUHMMAJIb-
Has JUTMHA BOJHBI A, ONpENENSeTcs yCIOBUEM

A = 1yt = 124 B 3)

e Ul

A ax — JUIMHA BOJIHBI, COOTBETCTBYIOIIAs PEHTTEHOBCKOMY M3ITyYEHHIO C
MaKCHMaJIbHON HHTEHCUBHOCTBIO, IPUMEPHO paBHa A . =3A . . Ciento-
BaTeIIbHO, C YBEIMUCHUEM YCKOPSIOIICTO HAIPSDKCHUS M A ., M A CMe-

IAFOTCS B 00JIACTH KOPOTKUX BOJIH, TIPH 3TOM E(A ) YBEIWYHBaeTCs.

max

Puc. 4. Cnektp TOpMO3HOI0 U3ITy4eHUS



XapakTepuCTUYECKOE PEHTTEHOBCKOE U3/TyUEHHE (KaK ¥ ONITUYECKUE
CIICKTPBI) 3aBHCAT TOJIBKO OT CTPYKTYPBI aTOMOB. 3aBHCHMOCTb YaCTOTBI
XapaKTEPUCTHIECKOTO M3JIyUYEHHs (V) OT MOPSIKOBOTO HOMEPA DJIEMEHTA
(Z) ompenensercs 3akoHoM Mo3u:

v=rZ=5.0, 4)
O »n 0O

e R —moctosHHas Punbepra, §, — MOCTOSHHAs SKPAHUPOBAHMUS, 3aBH-
csIas OT CTPYKTYphI aTOMa, 7 — DIABHOE KBAHTOBOE YHCIIO.

B COOTBETCTBHH C 3aKOHOM MO3IIH +/y JIOJKeH TMHEHHO MEHSAThCS
C YBEJIMYEHHUEM Z , UTO MOJHOCTHIO COOTBETCTBYET KCIIepuMeHTy. Ecre-
CTBEHHO, 3aBHCHMOCTb \/V = f(Z) w3 cepuii (K, L, M uT. 1.) onpeners-
eTCsl pa3IMIHBIMU MPSIMBIMH.

2. UICTOYHUKHM PEHTI'EHOBCKOI'O U3JTYYEHUA

OCHOBHBIE CITIOCOOBI MOTYYCHHS PEHTTEHOBCKUX JIyUeH JUIs CTPYK-
TYPHBIX UCCIICIOBAHUI CBS3aHbI C UCIIOIB30BAHUEM ITOTOKA OBICTPO JICTS-
IIUX BJICKTPOHOB. YCKOPUTENH DJIEKTPOHOB — OETAaTPOHBI U JIMHEHHBIC —
WCTIONB3YIOTCS ISl TIOYYSHUS! MOIIHOTO KOPOTKOBOJTHOBOTO PEHTIEHO-
BCKOTO H3JTyUEeHUSI, IPUMEHSEMOT0, TIIABHBIM 00pa30M, B Ie()eKTOCKOITUH.
Ho yckopuTenu 31eKTpOHOB IPOMO3IIKH, CIIOXKHBI B HACTPOHKE M HCIIOJb-
3yFOTCS IPEUMYIIIECTBEHHO B CTAI[HOHAPHBIX YcTaHOBKaxX. Hanbonee pac-
MPOCTPAHEHHBIM UCTOYHUKOM PEHTTEHOBCKUX JyUeH SIBJISETCS PEHTTCHO-
BCKas TpyOKa.

IMo npuHIHITY TOMYYeHHS IEKTPOHHBIX ITy9YKOB PEHTTEHOBCKHE TPYO-
KU JCJATCS Ha TPYOKH C TOPSIYMM KaToJI0M, (CBOOOIHBIE IEKTPOHBI BO3-
HUKAIOT B PE3YJBTaTe TEPMOAJICKTPOHHOM 3MuUccHH (puUC. 3)) U TPyOKH ¢
XOJIOJTHBIM KaTo7IoM (CBOOOIHBIE AJICKTPOHBI BO3HUKAIOT B PE3YJIBTATE aB-
TOJIEKTPOHHOM 3Muccun). PeHTreHoBckue TpyOKH 00OMX THUIIOB MOTYT
OBITh 3aMasHHBIMU C TIOCTOSIHHBIM BaKyyMOM M Pa300pHBIMU, OTKa4YMBac-
MBIMH BaKyyMHBIMU HACOCaMHU.

Hamnbonee pacrpocTpaHeHb! 3allassHAbIE PEHTTEHOBCKHIE TPYOKH ¢
ropsiauM KarogoM. OHH COCTOST U3 CTEKISTHHOM KOJIOBI U JIBYX JIEKTPO-
JI0B — Karoza 1 anoza (puc. 5). B kos10e cozmaercs Beicokuit Bakyym (107
— 10® MM pT. cT.), 0OecIeunBarommii CBOOOIHOE IBMKEHHE ITEKTPOHOB
OT KaToJia K aHOAY, TeTUIOBYI0, XUMUYECKYIO U DIICKTPHUYECCKYIO U30JIsI-
ITUEO PACKAICHHOTO KaToJIa.



Puc. 5. Cxema pentrenoBckoii Tpyoku BCB-2. 1 — Huth kKarona; 2 — hoKycHpyrommit
KOJIIAY0K; 3 — OKHO JUIS BBIITYCKA PEHTTEHOBCKUX JIy4e; 4 — 3alUTHBII UIMHID;
5 — 3epKaJio aHoJa

Katon peHTTeHOBCKOM TpyOKH COCTOUT U3 HUTH Hakalia v (DOKyCH-
pytoriero konmavyka. @opMa HUTH U KOJIAYKa OTPeessieTcs 3aJaHHON
hopmoii pokyCHOTO TISITHA Ha aHOIE TPYOKH — KPYIVIOW WIIM JIMHEHYa-
Toi. HuTh M3 BoNb(pamMoBOii Civipany pa3orpeBacTcs IMEKTPUICCKIM
TokoM 110 2000 — 2200 °C; my1st IOBBITIICHAS SMUCCHOHHBIX XapaKTepPHC-
THK HATH YaCTO MTOKPHIBAIOT COSAMHEHUSIMH TOPHSI.

Pazmeps! (hoKyCHOTO MSITHA ONPENIEISTIOT ONTUIECKHE CBOWCTBA PEH-
TrEHOBCKOU TPyOKH. Pe3K0oCTh M300paxeH st Py MPOCBEYMBAHNH, & TaK-
K€ TOYHOCTh PEHTI'CHOCTPYKTYPHOTO aHAJIN3a TEM BBIIIE, YEM MCHBIIIC
pa3mepsl Gpokyca. PeHTreHoBCcKHe TPYOKH ¢ MaJTbIM pa3MepoM (hoKyca Ha-
3BIBAIOTCSI OCTPO(OKYCHBIMHU.

AHOJ peHTTCHOBCKO TPYOKH MPENICTABISET COO0M METHBIN LIWITUHIP,
B TOpEII KOTOPOTO BIIPECCOBAHO 3€PKajlo aHO/A — IIACTHHKA M3 Marepua-
J1a, B KOTOPOM TIPOVCXOIUT TOPMOXKEHHE IIEKTPOHOB. B peHTreHOBCKIX
TpyOKax st MPOCBEYMBAHMUS 3€PKAJI0 M3TOTOBJIEHO M3 BOJb(pama, Uil
PEHTTEHOCTPYKTYPHOT'O aHAITN3a — U3 TOTO MEeTaJlIa, XapaKTePUCTHIECKOe
M3ITy9eHne KOTOPOro OyeT UCIIONb30BaHo. Toper aHoia B pEHTT€HOBCKIX
TpyOKax U CTPYKTYpHOTO aHaJIF3a Cpe3aH MO ONPeNeIEHHBIM YIIIOM K
ocu aHo/a (TIy4Ky SJIEKTPOHOB). DTO JIENIAeTCsI C IEIBIO OIYYUTh BBIXOIS-
IIUH U3 TPYOKH Iy4OK ¢ MAKCUMATbHON WHTEHCUBHOCTBIO.

[Tpu ynape 3MeKTPOHOB 0 3epKaio aHOAA MPUOIU3UTENBEHO 96% nX
SHEPrUH MPEBPAIIASTCS B TEIUIO, TOTOMY aHOIHBIH IHIHH/IP OXJIAKIACT-
Cs1 IPOTEKAIOIIMMH BOZIOH WITH MaCIIOM.

AHOJ 3allUIIIEH CTICIIMATLHBIM METHBIM YEXJIOM JUTS 3a/IePKAHUS OT-
PaKEHHBIX OT aHOZA AJIEKTPOHOB U 3aIIUTHI OT HEUCIIONB3YEeMbIX PEHTTe-
HOBCKMX Jy4eill. B 3ToM uexiie ecTh OHO WJIM HECKONIBKO OKOIIEK IUISt
BBIXOJ[a PEHTT€HOBCKHX JTy4deid, B KOTOPBIE BCTABJISIIOTCSI TOHKYE TUTACTHH-
KU U3 Oepyiuivs, KOTOPBIN MPAKTUIECKH HE TOINIONIAeT PEHTTEHOBCKOE
U3JIy9ICHUE, TCHEPUPYEMOE B TPYOKE.



HpCZ[CJ'II:Ha}I MOIIHOCTH peHTFCHOBCKOP'I pr6KI/I P OIpECACIACTCA
MOIIHOCTBIO MTPOXOAAIICTO YEPE3 HEC DJICKTPHUICCKOI'O TOKAa

P=UI, (%)
rae U —MaKCHMaJIbHOE HAIIPsDKEHHE, TIPFJIaraeMoe K peHTTEeHOBCKOH TPyO-

Ke; | — MakCHUMaJILHBIN TOK, WAYIIUIA Yepe3 PEHTTEHOBCKYIO TPYOKY.

PeanbHas npenenbHas MOITHOCT 3aBUCUT OT IDIOIMIAAN (DOKYCHOTO
nsTHA (T. €. YIeNbHOM MOIIIHOCTH ), MaTepHalia aHO/IA U MPOJOJKUTEITLHO-
cte paboThl TpyOKH. KpaTkoBpeMeHHBIE HArPY3KH MOTYT OBITh B ISCATKU
a3 BBILLE ATUTENBHBIX. DIEKTPUICCKUE XaPAKTEPUCTUKU PEHTTEHOBCKUX
TpYOOK OIKCHIBAIOT IBYMsI 3aBUCHMOCTSIMU:

Iy = f(Iy) npu U , = const; (6)

1, =fU,) opu I, =const, @)

e [, — TOK 4epe3 PEHTICHOBCKYIO TPYOKY, Oy 4acMbIi TIPH IIepexozie
AIIEKTPOHOB C KaTola Ha aHOIT (AHOIHBIN TOK);

I,, — TOK Hakaja, pa3orpeBalOIlNii HUTh KaTo[a PEHTTEHOBCKOM
TPyOKH;

U , — HanpsbKeHWe, NPUII0KEHHOE K PEHTIEHOBCKOM TpyOKe (aHoz-
HOE HaIPSHKEHUE).

OTH 3aBUCUMOCTH TOKa3aHbl rpaduuecku Ha puc. 6. [Ipakruuecku
M3MEpPSIEMBIN TOK Yepe3 PEHTTCHOBCKYIO TPYOKY MOSIBIISICTCSI JIIIIB ITPH JIOC-
THOKEHUY TOKOM HaKajia ONpeIeICHHON BEIMYUHBI, COOTBETCTBYIOLICH TEM-
nieparype Harpesa Hutr 2000—2100 °C (puc. 6 a); IOBBIIICHUE TOKA HAKaa
PE3KO YBEIIMYMBAET TEMITEPATYPY U KOIMIECTBO UCITYCKAEMbIX HUTHIO JJIEK-
TPOHOB (IMHCCHOHHBII TOK). [Ipy MOCTOSHHOM TOKe HaKaja ¥ IPH HA3KHX
HAaIpsHKEHMSIX Ha aHOJ ITOTIafal0T He BCE AIEKTPOHBI SMHCCHH, a JIUIIH UX
9acTh, TEM OOJIbIIAs, YeM OOIIbIlie aHOIHOE HanpshkeHue. [ Ipu onpenernen-
HOM HaIpsDKEHHH, 3aBHCSIIEM OT TOKA HaKajia, BCE AJIEKTPOHBI AIMUCCHU
TONaa0T Ha aHOM (PEKUM HACHIIIIEHHS ), TIO3TOMY JajbHEHIIIee yBennde-
HHE aHOJTHOTO HATPSDKCHUS HE YBEJIMYMBACT AHOIHBIN TOK (OH PaBEH SMHUC-
CHOHHOMY). DTO MpeNebHOE 3HAYCHUE aHOAHOTO TOKA HA3bIBAIOT TOKOM
HACBIIICHNYS, U OH TEM BBIIIIE, YeM OOJIbIIIE TOK Hakana (puc. 6 6). PentreHo-
BCKHE TPYOKH pabOTAIOT B PSKUME HACKIIICHUS IPH HANPsDKEHUsIX B 3—4
pasa BbIllIE HOMUHAIBHOTO, T. €. HEOOXOIMUMOTO JUIsSl YCTAaHOBJICHHS TOKA
HachleHus. [103ToMy aHOHBIN TOK PETYIUPYIOT B IIUPOKHX MpEemax,
HE3HAYNTEITHHO M3MEHSISI TOK HaKaJa.
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Puc. 6. 3aBUCHMOCTB TOKa SMHCCHH [ B PEHTreHOBCKOH TpyOKe OT TeMIIepaTyphl
BONB(PAMOBO HUTH, OMpe/IeNAeMOi CHIToH Toka Hakana | y (a); xapakTepucTHka
PEHTICHOBCKOH TPYOKH IIPY HU3KUX 3HAYESHHUSIX TOKa HaKajIa ()

BeimmyckaeMbie cepuitHO TPYOKH UIMEFOT YCIIOBHBIE 0003HAYCHUS, TIPE]T-
CTaBJLIOITIE KOMOMHAITHIO Yrcell 1 OykB. [lepBoe drciio 0003HaqaeT mpe-
JIETTHHO JIOITYCTUMYIO MOIITHOCTh PEHTT€HOBCKOM TpyOKw. Jlamee nayTt Oyk-
BBI, KOTOPBIE XapaKTEPU3YIOT:

— TiepBast — TUI 3aIIUTHI OT PEHTTEHOBCKUX JIydel W BBICOKOTO Ha-
npspkerns (P — TpyOka ¢ 3amuToit oT peHTreHOBCKHX JTy4eii; b — B 3ammT-
HOM KO)KyX€ C 3aIlIUTON OT PEHTTEHOBCKUX JIyUeH W MEKTPHICCKH O€30-
MacHast; OTCYTCTBHE OyKBBI 03HAYAET OTCYTCTBUE 3aIIUTHI);

— BTOpast — Ha3HaueHue TpyOokH (/] — TpyOKa /i MeTUIIMHCKOTO TIPO-
cBeunBaHus U quarHoctuky; T — repanvu; 1 — npocBeurBanus MaTepua-
110B; C — CTPYKTYpHOT'0 aHan3a; X — CHEKTPAIBLHOTO aHAJIH3a);

— TpeThs — v oxyaxaeHus (K — Bo3aymiHoe oxnaxaenue; M — mac-
nsiHOE; B — BOJIsIHOE; OTCYTCTBHE OYKBBI 03HAYAET €CTECTBCHHOE OXJIaXKIe-
HUE).

B 0003HaueHUSAX pEHTTEHOBCKUX TPYOOK JIJIS CTPYKTYPHOTO aHAIH3a
BMECTO aHOHOTO HANPsDKEHUS YKa3bIBAaeTCsl MaTeprai 3epKajiia aHoza, B
KauecTBe KoToporo ucrons3ytores Cr, Fe, Co, Ni, Cu, Mo, Ag, W 1 Heko-
TOpBIC IPyTHE YMCThIe MeTaILIl. Hanpumep, TpyOka 0,7bCB-2-Co nmeet
uTenbHy0 MomtHoCTh 0,7 kBT, 6e30macHa, mpeqHa3HadeHa I CTPyK-
TYPHOTO aHaJIN3a, BOJSIHOE OXJIAXKIICHUE, TUT 2, KOOAJIBTOBBIN aHO/I.

10



Tpy6xa 0,4BIIM-2-120 umeer anurensHyto mouHocTh 0,4 kBT, Oe-
30I1acHa, peHa3HaYeHa UL 1e(DEKTOCKOINH, MACIITHOE OXJIAXKICHUE, THIT
2, anomHoe Harnpspkerne 120 kB.

3. PETUCTPALIMA PEHTT'EHOBCKOI'O U3JIYVUEHUA

Jtst perucTpany peHTTeHOBCKHX JTydei TIPHIMEHSFOTCS JTFOMUHEC-
IIEHTHBIH, (hoTorpadraecKui, HreKTpodoTorpadhiIecKruii 1 MOHN3AITOH-
HBII METOABL.

JlroMuHECLIEHTHBIN METOJT HAOMFOCHUS H300paKESHHS Ha CBETAIICM-
sl 9KpaHe (PEHTIEHOCKOMKs) 00JIaIaeT OYSHb OOJBIION POU3BOUTEIh-
HOCTBIO, HEe TpeOyeT 3arpar Ha (hoToMaTepHalbl. ITOT METO/I OCHOBaH Ha
CBEUCHUU TIOJT JICHCTBHEM PEHTTCHOBCKUX JIydel HEKOTOPHIX BEIIECTB U
0COOEHHO JTIOMHHO(OPOB — BELIECTB, TAFOLIUX OOJBIION BBIXO BUANMOTO
m3IydeHus (IryopecIieHITnio).

Hammydrmmm momMuHO()OpPOM € ’KeNTo-3eJIeHBIM CBEYEHHEM SIBIISIETCS
cmech 50% ZnS+50% CdS. Ilono6HbIe MOMHHO(OPBI UCMIONB3YIOT JUIS
W3TOTOBJICHHS SKPaHOB BU3YaJILHOTO HAOIONECHHUS H300paKEHUH B PEHT-
TEHOBCKHX JTy4dax (9KpaHbl sl TPOCBEYMBAHMS B 1€(HEKTOCKOITNH 1 MEJTH-
IITHCKOM THarHocTuke). HeGompimie 3KpaHbl MPUMEHSIOT 1T HACTPOUKH
PEHTIEHOBCKHX KaMep U IOCTUPOBKH TOHHOMETPOB PEHTIEHOBCKHX JTU(]-
PaKTOMETPOB.

Jromunopop CaWO, (¢ cune-(hHOIETOBBIM CBEYEHHEM) IPUMEHSIOT
Uil ycuiieHust hotorpaduieckoro AeHCTBUS PEHTICHOBCKUX Jiydei. J{is
9TOTO JKPaH IJIOTHO MPKUMAIOT K IMYJIBCHH (POTOrpahuecKoi TUICHKH,
YTO MO3BOJISET PE3KO YMEHBIITHTH SKCIIO3UIIHIO MPH MPOCBEINBAHUH ((IIrO-
oporpadwsi).

dotorpadraeckuii METO PETUCTPAITH PSHTTCHOBCKUX JTyJeH IIHpo-
KO pacIpocTpaHeH U B HacTosIiee BpeMst. OH 001anacT BHICOKOH TyBCTBH-
TENMBHOCTHIO M JOKYMEHTAJILHOCTEIO, HO TPeOYeT MCIONB30BaHNS CHIEIHAITh-
HBIX (DOTOMATEPHAIIOB M MX TPYIOEMKOH 00padOTKH. PEHTTeHOBCKIE TTEHKH
HMEIOT IByXCTOPOHHUH CIIOHN SMYITLCUH, COIEPIKAIIII 3HAYUTEITHHO OOJIBIIIS
Opomucroro cepedpa, 4eM oObIuHbIe poToMarepuaibl. DoToamymbscust co-
CTOUT U3 MeNkaimmx (~ 1 MKM) KprcTakoB AgBr ¢ mpucaakamu He-
OOJIBIINX KOJIMYECTB CEPBI, YTO CO3AACT CTPYKTYpHBIE AedekThl. [loaromy
BO3HHKAIOT LIEHTPBI BO30Y>KAEHHsI CKphITOro M300paxenust. [Ipu mormoie-
HUY KBAaHTOB PEHTICHOBCKHX JIy4eH C SHEpruei € = 4V B 3MYIIbCUH, KaK U
TIPH ISHCTBHH BHUMOT'O CBETA, HYT IIPOLIECCHI IO CXEME:

AgBr+hv — Ag+ Br.
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Cxomnenue 20-100 atomoB Ag 00pa3yeT yCTOWYMBBIN LIEHTP CKPBI-
TOTO M300payKEHISI, KOTOPBIN CIIOCOOCH TPOSBIISITHCS IO ieiicTBHEM (ho-
TOpeareHTa — mposBUTeNs. Kpuctammmku, coneprkaliye HeHTPBI CKPBITOTO
M300pakeHns], BOCCTaHABIIMBAIOTCA JI0 METAJUINIECKoro cepedpa. Kpuc-
tamka AgBr, He comepxalye Takix [EeHTPOB M HE BOCCTAHOBIICHHBIC
MPOSIBUTENEM, BEIMBIBAIOTCS M3 SMYJIBCHUH 3aKPETUIIONINM pacTBOpoM. B
pesyasTare Ha (POTOIIIEHKE OCTAIOTCS TOIBKO 3€PHA METAJUTMIECKOTO Ce-
pedpa. Urcno Takux 3epeH U OnpeielisieT IIOTHOCTh MTOYepHEHUs! POTO-
AMYJIBCUU, KOTOPOE IPOMOPIUOHATIBHO IKCIIO3UIIMY — IPOU3BEIICHUIO UH-
TEHCUBHOCTH M3JTyYeHHS Ha BpeMs O0TydeHHUSsI.

O11eHKY IUIOTHOCTH TOYSPHEHHS HA PEHTTEHOrPaMMax MPOU3BOJISAT
BU3yaJILHO WK 00JIee TOYHO C MOMOIIBI0 MUKPO(OTOMETPOB, KOTOPBIC
TO3BOJISIFOT 3aIUCaTh U PACCUUTATh KPUBYIO PaclpeNelieHHs TUIOTHOCTH
MOYEPHEHMS.

OnexTpodororpaduaeckuii MeTon (kceporpadusi) coxpaHsieT MHO-
THe IpenMyInecTBa ¢potomerona, Ho 6onee akoHOMHu4eH. [IpuHITNn ero
TaKOH JKe, KaK Y MHOKHTEIBHBIX ammapatoB. HemocpencTsenHo mepen
PEHTI€HOBCKOM CheMKOH B CIIEIIMAILHOM YCTPOUCTBE OTEHIIMAJIOM B S-
10 kB 3apspKaroT IIacTUHY CO CII0eM aMOpgHOTo ceneHa ToamuHoi 100
MKM. 3aTeM 3Ty KCeporpaduuecKyro IUIACTHHY 3KCIIOHUPYIOT, Kak U B
thoromerone. Ilpu oOnyveHUM 3a CYET CHUIKEHUS COTIPOTHBIICHUS CIIOS
CeJIeHa 3apsiJl YXOAMUT C YyBCTBUTEIHHOTO CIIOS B KOJIMYECTBE, POTIOP-
[IUOHAIEHOM 3KCITO3UIIMU. B pe3ynbrare moiay4aercsi CKpPhITOE 3JICKTPO-
cTaruveckoe u3oopaxenue. JlJist €ro mposBICHUS HAHOCSAT YACTHIIBI TIO-
poIIKa, 3apsHKEHHbBIE TPOTHBOTIOIOKHO 3HAKY 3apsiaa CEIEHOBOTO CIIOSL.
Uem Oomplnie 3apsi Ha JAaHHOM YYacTKe, T. €. YeM MEHBIIIe WHTEHCHB-
HOCTB 00 TyUeHHsI, TeM OOJbIIe mprinaeT 9acTull. [Ipun HeoOxomuMoCTH
TIepeHeCCHNS N300paKeHUS Ha OyMary MpUMEHSIFOT TIOPOIITOK, CoAepKa-
LU cMOJIMCThIE BenlecTBa. Ha MposIBIEHHBIM HABUIEHUEM 3TOTO IO-
POIIIKa 9yBCTBUTENHHBIN CIIOW HAKJIAIBIBAIOT OyMary M B CIIeHAIEHOM
YCTPOMCTBE 3apsHKAIOT €€ MOTSHIIUATIOM, TIPOTHUBOIIOJIOKHBIM 3apsiTy Ya-
ctur nopoiuka. [Tpu 3ToM yacTh moporika nepeHocutcs Ha Oymary. M300-
PaKEHHE 3aKPEIUISIOT MapaMu alleTOHa, KOTOPBIC Pa3MsATYar0T CMOJIUC-
ThIC BELICCTBA M 00CCIICUMBAIOT IIPHIIUIIAHNE YacTHUeK K Oymare. C omHOM
SKCHOHUPOBAHHOM IJIACTUHBI MOXKHO TTOJIyYUTh HECKONIbKO Komwmid., [Toc-
JIe PA3PAAKH U yOAJICHHUST OCTATKOB M300paKeHUs CEJICHOBAsl TUIACTHHA
MOYXET HCTIOTb30BaThCs MOBTOPHO. DTOT METOI [TOKA HE HaIIeI ITHPOKO-
TO MPUMEHEHS B TPAKTUKE CTPYKTYPHBIX HCCIIEIOBAHUI, HO IS pellie-
HUSA 337134 J1e(HEeKTOCKOITHUH, 0COOCHHO TIPH MUKPOIe(HEKTOCKOITHH Ha OC-
HOBE TaK HA3bIBAEMBIX PEHTTEHOBCKHX MHKPOCKOIIOB, OH HAadWHAET
WCTIONTE30BATHCSL.
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HoHu3zanmoHHbIi MeTO] TI03BOJISIET OOJiee TOYHO U3MEPATh WHTCH-
CHUBHOCTb PEHTTEHOBCKHMX JIydeil, HO N3MEepPEeHNe MPOBONUTCS Ha HEOOIb-
II0# TIJIOMIAAHN, OTIPEIEIIEMOI pa3MepaMil BXOIHOTO OKHA CYETIHKA 1 H3-
MEepHUTEIbHBIX menel. [loaTomMy mist m3mMepeHus: mpOoCTPaHCTBEHHOTO
pacrpeieNieHus HHTeHCHBHOCTH PEHTTEHOBCKIUX JTydei HEOOXOIMMO CKa-
HUPOBaHHE — TIEPEMEIIICHIE CUETUHKA 10 BCEH 00JIACTH YIIIOB PACCESHHSL.
DTO orpaHMYMBaET IPUMEHEHHE METO/IA B 1e(hEeKTOCKOITUH, T€ OH IINPO-
KO HUCIIONB3YETCs TOJBKO [T U3MEPEHHUS TONIIUHBI, OHAKO B PEHTTCHO-
CTPYKTYPHOM aHaJIM3€ 3TOT METOJ MIPAKTUUYECKH BBHITECHSET BCE OCTAIIb-
HbIC, HECMOTPSI Ha HEOOXOAMMOCTh HCIIOJIB30BAHUS JIOPOTOCTOSIIEH
ANIEKTPOHHOH anmaparyphbl.

NonunzanoHHbI METo OCHOBAaH HAa MOHU3AIIMU aTOMOB BEILIECTBA
TIPY B3aUMOJIEHCTBIM C KBAHTAMU PEHTTCHOBCKUX JTyuel. Ecru noHmzarms
ra3a [MPOUCXOUT B ITOJIE IITOCKOTO KOH/IEHCATOPa, TO 00pa30BaBIIIHECs HOHBI
JIBIDKYTCS K COOTBETCTBYFOIIIIIM 3JIEKTPOJIaM, M BO3HUKAET NOHM3AI[MOHHBIH
ToK. Ilpy yBemmIeHn: HaNPsDKEHHOCTH IEKTPHIECKOTO TN Ha OOKIIaI-
KaX KOHZIEHCAaTOopa CKOPOCTh HOHOB YBEITIUMBAETCS, TIOITOMY YMEHBIIIAETCS
BEPOSATHOCTh WX HEUTPAIM3AIUK MPH CTOJKHOBEHUH MPOTHBOIIOJIOKHBIX
HOHOB, CJICTOBATEIILHO, BO3pACTaeT MOHU3AITMOHHBIN TOK (puc. 7). [lpu
HanpsbkeHnd U > U, HEUTpalu3aiys CTAaHOBUTCS HUYTOXKHOM, U MOHH-
3aLMOHHBINA TOK IOCTUTACT HACKHIILICHUS.

1 ||V
Ui U, Uy U Us

Puc. 7. 3aBUCUMOCTb HOHU3ALMOHHOTO TOKA | OT HAIPSDKEHHUS Ha SNIEKTpojax [/ :1—
o6macthb HacklteHus; [ — o6macts nonmHo# nponopimoHansHocTH; 11— 061acTh HemonHoM
MPONOPIMOHATEHOCTH; [V — 001acTh paBHBIX HIMITYJIBCOB

IIpu nanpHEHNIEM yBeIUYEHNN HApsokerus 10 U = U, MOHK3a1u-
OHHBIN TOK HE yBEIWYMBAETCS, BO3PACTAET JIUIIb CKOPOCTh HOHOB. [Ipn
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U > U, CKOPOCTh HOHOB CTAHOBHTCS HACTOIBKO 0OJIBLIIOI, YTO IPOUCXO-
IUT YOApHAs MOHM3AIMS MOJIEKYJ raza. Tok HauMHaeT JIMHEeWHO BO3pac-
TaTh C yBENWYECHHEM HaIlPHKEHHS 3a c4eT ra3oBoro ycmienus. Koahu-
IMEHT yCUJICHNS TIPH HaNpshkeHsX 1o U < U, Moxket nocturats 10%-10*
(obmacth nonHOM nponopuyonanbHocth). [lpu U > U, Hapyaercst -
HEWHOCTh Ta30BOT0 yCHJIEHUs (00JacTh HEMOIHOW MPOMOPIHOHATBHOC-
). [Ipn U >U, BO3HMKaeT MaBUHHBIN pa3psaa. lanpHeilmee moBblIie-
HHE HalPsDKEHUsI BBI3BIBACT CAMOCTOSITENIBHBIN pa3psifl.

JA7st perucTpauuy peHTreHOBCKHX JTy4del MPUMEHSIOT PUOOpEI, pa-
OoTaromye B pa3IMiHbIX 00J1aCcTsX Ta30BOT0 pa3psa.

HonunzaimoHHbIe KamMepbl paboTaroT B pesKuMe HachIeHUs. CKOpoCTb
cyeTa MOHU3AIMOHHOM Kamephbl Maia, Bcero (1-2)x 10? umiryiibcoB B MU-
HYTY, IO3TOMY OHA UCIIONB3YETCS PELKO.

[pomnopiyioHabHbIE CYETYMKH PAabOTAaIOT B PEKUME TOJIHOHM Mpo-
HNOPLHMOHAIBHOCTH U 0COOCHHO HIMPOKO IPUMEHSIFOTCS JJIsl PErUCTpaluy
JUTMHHOBOJTHOBOTO PEHTTEHOBCKOTO M3y4eHHs. Hampumep, ¢ Mx momo-
IIBIO YAAIOCH 3aPETHCTPHUPOBATH XapaKTEPUCTHIECKOE M3ITyIEHHUE JIETKIX
3JIEMEHTOB, HAYMHAs C OSPUILIHS, — A K, = 11,6 M.

NMnynbehl B MPOMOPITMOHATBHBIX CYETINKAX 3aBHCAT OT SHEPTHH
MOHM3HUPYIOMIX 9acTull. [losToMy, mpuMeHssl TUCKPIMHUHATOPBI, MOYKHO
Pa3aeNNTh UMITYJIbCHI, OTBEYAIOIIE KBAHTAM OIIPEICICHHON SHEPTUH 1,
COOTBETCTBEHHO, ONPEEICHHBIM JJIMHAM BOJIH PEHTTEHOBCKHX JIy4eH.

["a3opaspsHblie cueTyrky paboTaloT B 001aCTH PABHBIX MMITYJIbCOB,
AMIUTMTYZIa KOTOPBIX HE 3aBUCHUT OT TUIIA U SHEPTUH HOHU3UPYIOLIHX Yac-
THLI, HO 3/I€Ch 3a CUET JJABUHHOTO pa3psijia Pe3KO YBEIHMUNBAETCSA TOK 10
10 E. D70 3HaYMTEIIHHO YIIPOIIAET PETUCTPALIHIO, HO YBEIMYHBACT «MEp-
TBOE BpEMsD» CUETYMKA M YMEHBIIAET MAaKCHMAITFHYIO CKOPOCTh CUETa JI0
5x 10 umn/c npotuB 10° uMI/c 1U1st TPOMOPLIOHATIBEHOTO CYETYHKA.

JA7st rameHus JaBUHHOTO Pa3psijia B ra30pa3psiIHbli CUSTUHK, Ha3bl-
BAaeMBII TAKOKE CYETUYMKOM | elirepa, BBOAAT «racsiiye 100aBKI»: OpraHu-
YECKHE BEILeCTBa (ITUIIOBBII CIIMPT WM METHIANb) MJIH TaJIOr€HBL.

CpoiicTBa cueTanka [eirepa OmpenesnstoTcsl ero XapaKTepHUCTHKOM:
3aBHCHMOCTBIO YHCIIa COCINTAHHBIX UMITYITHCOB OT HATIPSDKEHHS Ha DJIEKT-
ponax cuerdnka (puc. 8). CdeTunk HadWHAET PadOTaTh MPH ONPEIEIICH-
HOM HalpshKeHHH — moTeHIpane 3axuranus U, . [Ipu noBblmeHnn Ha-
TPSDKEHHS CKOPOCTH cYeTa OBICTPO PacTeT, 3aTeM Ha HEKOTOPOM YJacTKe
or U, 10 U,, Ha3bIBAEMOM «ILIATO», CTAHOBHUTCS IOYTH IOCTOSHHOM.

Pabouee Hanpsbxenue cueranka: U | o =
pab 2

14



Padoyee Hanpsxenue

Cropocme cyema

(omenuuan 3axueanus

I S R R B SR B |

1200 U, 1300 1400
Hanpsxenue Ha cvemyuke, §

Puc. 8. Xapakrepuctuueckas kpusas cueTduka I eiirepa

KoHCTpyKTHBHOE HCTIOIHEHHE CUETUMKA TOKa3aHo Ha puc. 9. st pen-
TreHOCTPYKTYPHOTO aHAJIM3a MCIOJIB3YIOTCS Ta30pa3psaHble CUCTYHKH
MCTP-4 co cnronsiHbIM BXOIHBIM OKHOM ¥ CH-4P ¢ GepryuieBbIM BXOI-
HBIM OKHOM. OJTHaKO B HOBBIX MOAM(HKAIMSAX PEHTTCHOBCKUX aIapaToB C
perucTpanyei i3 Ty4eHHs CYeTYMKAMH OOBIYHO UCTIONB3YIOTCS CYUHMULTSA-
YUOHHbIe CYETIMKH. DTH CUCTIMKU UMEIOT JOCTATOYHO OOJIBILION CPOK CITYXK-
Obl, MaJIoe «MEPTBOE BPEMs» U UX CKOPOCTh cuera nocturaer 107 mmrr/c.
Takoii c4eTdrK COCTOUT U3 MPO3PATHOTO JTFOMIHECIIUPYIOIIETO KprCTalIa-
crpHTIDUEITOpa (Na) rm KJ ¢ mpumveckto aktrBatopa T1) i hotoamexTpon-
HOrO YMHOXUTESI — PDY. KBaHT peHTTeHOBCKOTO M3TydCHUS, TIOTaas B
KPHCTAUI-CIUHTIIIISITOP, BEIONBACT OBICTPHII (DOTORNIEKTPOH, KOTOPBIA, BU-
rasicb B KpUCTaJlle, FOHM3UPYET aToMbl. Bo30y>KI€HHBIE aTOMBI HCITY CKafOT
KBaHTBI BUIMMOIO V3IYYSHUS, 1aBasi BCOBIIIKY — CHUHTWUIALMIO, T. €. B
KpHUCTaJlIe JIIOMUHO(OpE TPOUCXOIUT MPeoOpa3oBaHue PEHTTEHOBCKOTO
KBaHTa B CBETOBOM. DTOT Ipoliecc Ha3bIBaeTCs nepensiydeHneM. CBerT, 1o-
nazgas Ha karog OOV, BeIOMBaeT (POTOINEKTPOHBI, KOTOPBIE 3aT€M Pa3MHO-
JKAIOTCS TIOCTIEIOBATENILHO PACTIONIOKEHHBIMH SJIEKTPOAaMH (IMHOJAMH )
DDY, yeunmusasich B 10° pa3 10 Toka 10¢ A. IIporopiirioHabHast 3aBHCH-
MOCTh MEXIy MOHMBHPYIOIIEH CIIOCOOHOCTHIO YACTHITHI (€ SHEpruci) u
aMIDTUTYION (POTOTOKA TIO3BOJISIET € MTOMOIIBIO AMILTUTY/IHBIX aHAIN3aTO-
OB BBIICIISITH UMITYJTBCHI, OTBEHAIOIINE OTPEAEIICHHO [UTMHE BOIHBI PEHT-
TEHOBCKUX JTy4€eil.

<

¢ 5
2 L/
; L

Puc. 9. Cuetunk MCTP-4: 1 — BXoqHOE OKHO; 2 — 3aMa3Ka,
3 — CTEeKJISIHHBIN KOPITyC; 4 — MEAHBII KaTox; 5 — aHOA.
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JU1st peHTreHOCTPYKTYPHOTO aHaJIM3a CEPUITHO BBIITYCKAIOTCS CUET-
yrky TUna CPC — cueT4nKy peHTreHOBCKUE CIIMHTUILISIIMOHHEIE.

PeHTreHoBCKHE anmaparsl, perucTpanysi PEHTTEHOBCKOTO H3TyUeHUSI
B KOTOPBIX OCYIIECTBIISICTCS CYCTIMKAMU PA3JIMIHBIX TUITOB, HA3BIBAIOTCSI
peHTTeHOBCKUMH AudpakToMeTpamu. [Ipesxie ueM roBoputh 00 0coOeH-
HOCTH 3TUX TU(HPAKTOMETPOB, KPATKO PACCMOTPHUM OCOOCHHOCTH BCEX PEH-
TreHOBCKUX alIaparos.

4. PEHTTEHOBCKUE AIITTAPATBI

PeHTreHoBCKHe anmapathl JIF0OBIX THIIOB JIOJDKHBI 00CTICYUBATH OII-
pe/eleHHbIC YCIIOBHIS:

— MOJTyYEHUE BHICOKOTO HAIIPSDKEHHS, TIPUKIIA IBIBAEMOTO K aHOIY PEH-
TreHOBCKOU TPYOKH 1 IOCTATOUHOTO JUTS BO3OYKICHHS TPEOyeMOi Cepru
PEHTTEHOBCKOTO U3ITyYCHHS TSl JAHHOTO THIIA aHTHKATO/A,;

— MUTaHUE KaTOJHBIX HUTEW PEHTTEHOBCKHX TPYOOK W JIAMII, BBIII-
PSIMIISTFOIIIMX AHOTHBIH TOK;

— PErucTpaIMIiO PEHTTEHOBCKOTO M3ITyUYeHHs, KOTOpasi B PEHTICHO-
BCKHX araparax, Kpome Ju(pakToMeTpoB, OCYIIECTBISIETCS C IPUMEHE-
HHEM CIICIUAIBHBIX YCTPOKMCTB, HA3bIBAEMbIX PEHTICHOBCKUMHU Kamepa-
MH, B KOTOPBIX Pa3MEIaeTCsl H UCCIeNyeMbIid 0Opaserl.

CrienoBaTenbHO, BCE PEHTTEHOBCKHE aIaparhl, KPOME PEHTTCHOBCKHX
TpyOOK, COfiepKaT B KA4eCTBE OCHOBHBIX YacTel BBICOKOBOJIBTHBIN TPaHC-
hopmaTtop, TparcHopMaTOphl HaKaia peHTTEHOBCKUX TPYOOK M KEHOTPO-
HOB, ITYJIBT YIIPABICHUS U PETUCTPUPYIOIINE YCTporcTBa. B 3aBucnmMocti
OT Ha3HAYCHHS PCHTTCHOBCKHE aNlaparhl HMEIOT Pa3INIHbIC BEICOKOBOJIb-
THBIE CXEMBI.

BeckeHOTpOHHBII peHTreHOBCKHIT anmapar Juis peHTTeHOCTPYK-
typHoro anaimmza YPC-1,0 (YPC-55) — yctaHOBKa pEHTTEHOBCKAS CTPYK-
TypHas ¢ TIPeICITBHON MOIITHOCTRIO Ha peHTTeHOBCKOH TpyOKke 1 kBT, mpen-
CTaBIISIET COOOM ammapar HaCcTOJIHHOTO THIIA C MAJBIMH radapuraMu
OTIEpaTHBHOTO CTOJIA U IMYJIBTa YIpaBiieHUs. Poib BBIPSMUTEINS BBIION-
HSET camMa PeHTreHOBCKas TpyOka Tima bCB-2. Ona nMeet 1Ba oKHa IS
BBIXOJIa PEHTTEHOBCKUX JIY4€H 1 IIO3TOMY JIOITyCKaeT OJJHOBPEMEHHYIO yC-
TaHOBKY JIByX PEHTTCHOBCKHX KaMep. BBICOKOBONBTHASI cxeMa armapara
BBITIONTHEHA ¢ 3a3eMJICHHBIM aHoioM (puc. 10 a), 9to obecrieunBaeT mod-
HYIO 3alllUTy OT BBICOKOTO HAmpshkeHUs1. [IpeebHbIe pexuMbl paboThI:
HanpspkeHue — 110 55 kB, Tok yepe3 Tpyoky — 10 30 MA. ['paduku 3aBrCH-
MOCTH HaIPsODKSHUS M TOKa OT BpeMEHH JaHbl Ha puc. 10 6.
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U, 1

Puc.10. beckeHOTpOHHBIN PEHTICHOBCKHH alIapar: g — CXeMa BbICOKOBOIBTHOM YacTH
armapara YPC-1,0; 6 —3aBucuMocTH: 1 — HanpsHKeHNUS Ha BEICOKOBOJIETHOM
Tparcdopmarope; 2 — HanpspKEHHS Ha PEHTTEHOBCKOI TPyOKe;

3 — ToKa Yepe3 PeHTTeHOBCKYIO TPYOKy

OnepaTuBHEIIA CTOJ MPEACTABISIET COO0M MaCIISIHBIN OaK, HAITOJTHEH-
HBIH CHEIUATILHBIM BEICOKOBOJIETHBIM TPAHC(OPMATOPHBIM MACIIOM, B KO-
TOPOM pa3MeIIeHbI BHICOKOBOIBTHBIN TpaHchopMarop u TpaHcdopmarop
Hakasa. Ha xpeike Oaka CMOHTHPOBAHBI pEHTT€HOBCKAs TPYOKa C CHCTe-
MO OXJIXKICHUS U JIBE TIOJICTaBKU JUISl PEHTTEHOBCKHX KaMmep, a TaKkkKe
OJIOKMPOBKH, ICKITIOYAIOIIHE pabOTy armapara Mpy OTCYTCTBUH OXJIAXKIa-
TOIIEeH BOMIBI WITH ITPH CHATOM KPBIIIKE BHICOKOBOJIETHOTO TpaHc(opMaTo-
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pa. C moMOIIBIO MyNIbTa YIPaBIEHHS! YCTAHABIUBAIOT U KOHTPOIHPYIOT
PEXUM pabOTHI amrapara.

Ha HakoHHO YacTH IMynbTa pactoIoKEHBI: 9aChl BPEMEHH JKCIIO-
3WIIAH ¥ CHETYHK BPEMEHHU paOOTHI TPyOKH; BOIBTMETP T KOHTPOJIS Ha-
NpSHKEHMS CETH M HACTPOUKH arapara; MIUTHaMIIEpPMETP KOHTPOJIS aHOA-
HOTO TOKa; 3€JICHbI CUTHA TTOJKITIOYEHHS YCTAHOBKA K CETH; KPaCHBIN
CHTHAJI BKJIIOYEHHSI BBICOKOTO HampspkeHWs; KHONKH «llyck» m «Crom»
JUTSL BKITIOUCHUS. M BBIKITIOUEHHSI BEICOKOTO HAIPSDKEHUS; P/ CUTHAIBHBIX
HeoHoBBIX Jamn («IlonoxkeHue kx mycky», «lleperpyska», «Her nogaun
BOZBD) U 1Ip.). Ha ropu3oHTanbHON YacTH MyJbTa HAXOAATCS: KOPPEKTOP-
komMMyTatop «CeTb» Ha 7 mosoxkeHuid; kommyTtarop «Hampsokenue» Ha 6
MOJIOKEHUI; peocTar peryIupoBKH TOKa HaKaa.

OnHOKeHOTPOHHBIE MOJTYBOJIHOBbIE AMNAPATHI IPEJCTABISIOT CO-
00l KEHOTPOH, BKJIFOUCHHBIA ITOCIIEIOBATENILHO C PEHTTEHOBCKOM TPYO-
Koi. DTO 0bjIerdaeT ee padboTy, 3armpas 00paTHYIO TIOTYBOIHY HaITpsDKe-
HUSI ¥ TIpeIOTBpAIIast MOSBICHNE OOPATHBIX TOKOB, Pa3pyIIAFOIIIX KaTo
PEHTTEHOBCKOM TPYOKH.

KeHoTpoH 1o cBoeMy YCTPOHCTBY ITOX0XK Ha PEHTTEHOBCKYIO TPYOKY
M COCTOWT M3 HaKaJIMBaeMOro TOKOM B 8-9 A Kartosa, BBITIOIIHEHHOTO U3
BOJIb(ppama, ¥ XOJIOIHOTO aHoAA. BeiencTBre 00MbLIoi 31eKTPOHHOM SMHC-
CHH BHYTpPEHHEE COMNPOTHBIICHHE KEHOTPOHA HEBEIWKO, U MajcHUEe Ha-
NPsDKEHUS Ha HEM COCTaBIsieT okonio 2 KB. O0o3HaueHe KeHOTpoHa co-
crout u3 OykB KP (keHOTpOH peHTTeHOBCKHIA), lasiee MOJKET CTOSITh OyKBa
M (B ciayuae pabOTbI KEHOTPOHA B MAaclie) U YHCIIO, yKa3bIBarollee npe-
JIeTbHOE HaIPsDKeHNE B KIJIOBOMIBTAX. [ [pUMEHSFoTCs TakoKe Moy IpoBOI-
HHUKOBBIE BBITPSIMHTEITH, OTIIMYAIOIINECS IIPOCTOTOH 00CITY>KUBAHHS 1 JUTH-
TEIFHBIM CPOKOM CITY>KOBI, HO IX CTOUMOCTb IOBOJTHHO 3HAYMTEITbHASL.

[TomyBoHOBasI cxeMa HcIob3yercs B anmapare Y PC-70 u anmapa-
Te st mpocBeunBanust PYI1-60-20-1.

Anmnaparsl ¢ yIBOeHHeM HANPSIZKeHUsI COCTOST U3 BEICOKOBOJIBT-
HOTo TpaHcgopMaTopa, ABYX MOCIeI0BaTENbHO BKIIOYEHHBIX KOHIEHC a-
TOPOB OOJMBIION EMKOCTH, ABYyX KEHOTPOHOB (MJIM TBEPIOTENbHBIX BBII-
psMuTeNel) u peHTreHoBckoil TpyOku (puc. 11). OxuH BBIBOA
BBICOKOBOJIETHOM OOMOTKH TpaHCc(opmaTopa NPUCOSIUHSAETCSA K Cpel-
Hell TOUKe IBYX MOCJIEA0BATEIbHO COCIMHEHHBIX KOHAEHCaTopoB. py-
TOM BBIBOJ Yepe3 ABa BBIIPSIMUTES, BKIIOUCHHBIX HABCTPEdY APYT APYTY,
MIPUCOETUHSETCA K IBYM IPOTHBOIIOJIOKHBIM TTACTHHAM KOH/IEHCATOPOB.
B Takoii cxeme oiiH U3 KOHJICHCATOPOB 3apsiKaeTCsi BO BpeMsI OJHOTO U3
MOTYTIEPHUOAOB, APYTOil — BO BpeMsI CIEAYIOIIETO, IPUIeM KaXIblid pa3
JI0 MAKCUMAJTEHOTO HAIPSDKEHNUS BRICOKOBOJIFTHOTO TpaHchopmaropa. Tak
Kak 00a KOHJIEHCaTopa BKIIIOYEHBI TTOCIIEIOBATENHHO, TO MEXKIY FX BHE-
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IIHUMH TJIACTHHAMHM, K KOTOPBIM TOJKIIIOUYEHA PEHTIEHOBCKasl TPyOKa,
o0pasyeTcs yIBOCHHOE HanpshkeHHe. [Ipn oTCyTCTBHY TOKa 4epes peHT-
TeHOBCKYIO TPYOKy CXeMa JaeT HalpspKeHHe, PaBHOE IBOHHOMY MaKCH-
MaJbHOMY HaINPsHKEHUIO TPAHC(HOPMATOPA; pa3psiike KOHICHCATOPOB Ye-
pe3 oOMOTKy TpaHchopmaTopa NMpemnsaTCTBYIOT BRIIpIMUTEeNnd. Ecnn
KOHJICHCATOPBI Pa3psDKAIOTCS Yepe3 PeHTTeHOBCKYIO TPYOKyY, TO Hampsi-
’KEHHE TTOHIKACTCS B IIPOLIECCE PA3PsIIKH M 32 CUeT caABUTA (Da3 Ha KOH-
JIeHCATOopax Ha MOJINEPHO/ia CTAHOBHUTCS CJIETKa ITyTbCHUPYIOIINM C JBOI-
HOH 4acTOTOH MO CPaBHEHHIO C MEPBUYHBIM MEPEMEHHBIM TOKOM.
[TpumeHsst cTaOUIN3UPYIOLIHE CXEMBI, TOMYYaloT NPAKTUYECKH ITOCTO-
SIHHOE TIOYTH YABOEHHOE BBICOKOE HallpshKEHHE.

CxeMy yIBOEHHMSI IPUMEHSIOT B arlaparax AJisl IPOCBEUUBAHUS U
UL PEHTI€HOCTPYKTYpHOTo aHanm3a ¢ ¢oropeructpauueii (YPC-60,
YPC-2,0) u ¢ perucrpammeii cuetankamu — (YPC-50UM; JIPOH-0,5;

JAPOH-2,0 u mp.).

PT

M

Puc. 11. Cxema ynBoeHuUs ¢ HOCTOSHHBIM HANIPSKEHUEM

5. PEHTTEHOBCKHE JTU®PAKTOMETPBI

Kak y»e roBopriioch paHee, peHTTeHOBCKUMH JTH(PAKTOMETPAMH Ha-
3BIBAIOT YCTAHOBKH Il MCCIIEAOBAHMS aTOMHO-MOJIEKYIISIPHOH CTPYKTYPBI
BEIIECTB HA OCHOBE PACCESHHS PEHTTEHOBCKOIO M3ITyYeHHs.. DTHMH Bellle-
CTBaMH MOT'YT OBITh KaK KPHCTAITNYECKHE, TAK X HEKPUCTAITHUECKHIE OOBEKTHL

Hcnonp3oBaHue crenyanbHbIX MPUCTABOK K AU(PPAKTOMETpaM Io-
3BOJISICT MPOBOAWTD aHAIIN3 MIPU BBICOKHX TEMIIEPATypax, B BaKyyMe WU
WHEPTHBIX aTMoc(epax, IpH OTPULATENBHBIX TEMIIEpaTypax U H3MepsITh
WHTEHCHBHOCTD PACCESHUS PEHTTEHOBCKHX JTyUeH MOJT MaJIbIMHU YIJIAMH.

Bo Beex udpakToMeTpax npeycMoTpeHa BO3MOKHOCTh MOHOXpOMa-
TH3AIUH XapaKTePUCTIHIECKOTO PEHTTEHOBCKOTO U3ITYYCHHSI, a B TU(DPaKTO-
MeTpax ¢ MPOHOPIUOHATBHBIMHU HITH CIIUHTHISIIMOHHBIMA CUETYUKAMH —
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¥ BO3MOYKHOCTH CEJIEKTHBHOM PETHCTPAIlK KBAHTOB AU(ParupOBAHHOTO
PEHTIEHOBCKOTO U3JIyUYCHUS C OTPEICIICHHON SHEPrHeH.

Jo Hacrosiiero Bpemenu B crpanax ObiBiero CCCP ucnonb3yrores
penrrenoBckue audpaxromerper YPC-50MM; JIPOH-0,5; IPOH-1,0;
JAPOH-2,0, 1POH-3,0. B mepBoM mudpakroMeTpe AeTEKTOPOM PEHTTEHO-
BCKOTO M3ITy4eHHUS CITYKUT cdeTdrK [ efirepa, a B OCTaIbHBIX — CIIMHTHI-
JSILMOHHBII U IPONIOPLIMOHATIBHBIN cUeTYMKU. B nocneqHue roapl nosBu-
Jach BO3MOXHOCTh HPUOOpETaTh MUPPaKTOMETPHI, U3TOTOBICHHBIC B
JIPYTUX CTpaHax, HanmpuMmep, AU(PaKTOMETPhI KOHIIEPHOB «Simmensy,
«Phillips», «Rigaku Denky» u ap.

B mopapmnstromemM OOJBIIMHCTBE PEHTTEHOBCKUX AM(PAKTOMETPOB
o01mero Ha3HAYEeHUsT UCTIONB3yeTcsl OKyCHpoBKa 1o bparry-bpenrano,
OCHOBaHHasI Ha CIIETyIOIIEM CBOWCTBE OKPY>KHOCTH.

Ecnn u3 Touku A, nexarnieii Ha oKpykHOCTH (puc. 12), HanpaBUTh
MYYOK PACXOMAIINXCS Iy4YeH, TO MOCIIE OTPAXKEHUSI OT ITOH OKPYKHOCTU
BCE JIy4X BHOBBL cOOEpYTCs B OfIHOM Touke B, To ecTh ocymecTButcs ho-
KycupoBka. POKycHpOBKa, OCHOBaHHAsI HA 3TOM CBOWCTBE, TIO3BOJISIET MC-
TIOJTH30BaTh PACXOISAIIIIACS TIEPBUYHBIN ITyIOK PEHTTEHOBCKUX JTyqeH (s
TIOBBIIIICHHUS CBETOCHIIBI YCTAHOBKH) U BpaImaTh 00pasel] B COOCTBECHHOM
TUTOCKOCTH (U1 yMeHbIIeHuSs 3 (eKTa KpyMHOKPUCTAIUIMYHOCTH UCCIIe-
JyeMOT0 MaTepHana).

PN

Puc. 12. ®oxycupoBka Ha OKpY>KHOCTH

®doxycuposka no bperry-bpenrano (puc.13) ocHoBaHa Ha paBeH-
CTBE BIIMCAHHBIX YIJIOB, ONIUPAIOLIUXCS HA ONTHY U TY e AyTY: POKYC peH-
TIeHOBCKOW TPYOKH F, MOBEpXHOCTH 00pa3iia P ¥ IpHeMHasl LIeNb CYeTIH-
Ka KBaHTOB .S IOJDKHBI HAXOIUTHCS HA OJJHON OKPY)KHOCTU — OKPY>KHOCTH
thoxycupoBku 1 (cMm. puc. 13).
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Puc.13. Cxema hoxycuposku 1o bperry-bpenrano

IMpu noBopoTe 0Opasia BOKPYT OCH TOHUOMETPA PATUYC OKPYIKHOC-

R
TH (POKYCHPOBKH 7, U3MEHSICTCS 110 YCIOBHIO 7'y = 2—’ , a Touka (o-
sin

KyCHPOBKHM CMEMIAeTCs M0 OKPY>KHOCTH 2 MOCTOSIHHOTO paauyca R, —
OKPY>KHOCTH TOHHOMeETpa. OUeBUIHO, YTO VIS BBIIOJIHEHUS 3TOTO yCIIO-
BUsI IIPH [IOBOpOTE 00pa3ua Ha yroil AB HeoOXOAUMO ITOBEPHYTh IPUEM-
HYIO 1IeJIb CYETYUKA BOKPYT OCH TOHUOMETpa Ha yroil 2A0, T. €. ymioBas
CKOPOCTb JIBIKEHMS CUETUHKA IOJDKHA ObITh BABOE OOJIBIIE YIJIOBOM CKO-
pocTtu ABMxeHust 00pasna. Takoe COOTHOILIEHHE ATUX YIIOBBIX CKOPOCTEH
obecrieurBaeTcs C TOMOILBIO PEAYKTOpa TOHUOMETpA.

INockomnbKy MOBEpXHOCTH IJIOCKOrO 00paslia JIMIIb B OAHOM TOUYKE
(Ha OCH TOHMOMETPA) COBIAIACT C OKPYKHOCTBIO (POKYCHPOBKH, TO POKY-
cupoBKa 110 bperry-bpenrano He siBisieTcs uneanbHoOu. Ee MOXHO yiryd-
LINTH YMEHBIICHUEM TOPU30HTAIBHOM (B TNIOCKOCTH OKPYXHOCTH (DOKY-
CHPOBKHU) M BEPTUKAIbHOH (B IJIOCKOCTH, MEPIEHIUKYIAPHON K
OKPYKHOCTH (DOKYCHPOBKH) paCXOIFIMOCTEH ITydKa pEHTT€HOBCKUX JTy4eH,
a UCKaXXEHWs AU(PPAKLUOHHON KApTUHBI BCIIEICTBUE HApYyLIEHUs YCIIO-
BUM (POKYCHPOBKHM MOXKHO YMEHBLINTbH 3a CUET PEryIMPOBAHUS CEUCHUS
PETUCTPUPYEMOTO CUETUHUKOM ITy4Ka IU(parnpoBaHHBIX PEHTTEHOBCKUX
JIyden, yMEHbIIas pa3Mepbl BXOJIHBIX IIeJIeH.

I'opuzoHTanbHAS pacCXOMMOCTh U3MEHSIETCSI 32 CUET HUCTI0JIb30BAHUS
CMEHHBIX BKJIaJIBIIIEH C pa3HbIMU pa3MepaMHu npopesell. BeprukansHyro
PacxoauMOCTb IEPBUYHOTO B AUPPArupOBaHHOTO PEHTTEHOBCKHX JIydei B
mrdpakToMeTpax peHTreHoBCcKuxX odero naznayenus JJPOH-1,0, JIPOH-
2,0, APOH-3,0 ymeHbI1at0T ucnonb3ys menu Couiepa, IpeACcTaBIIsOLIIe
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co00i1 cucTeMy NapajuielbHBIX TOHKHX METAJUTHUECKUX IUIACTUHOK, pac-
TIOJIOKEHHBIX HA HEOOBIINX U OJMHAKOBBIX PACCTOSHIAX IPYT OT ApyTa.

PentrenoonTrueckas cxema 3THX AUPPAKTOMETPOB IIPHBEIeHA Ha
puc. 14. PeHTreHOBCKHE JTy4H, BRIXOASIINE U3 GOKyca / peHTT€HOBCKOM
TpyOKH (HAXOOAIIETOCS HA OKPY>XKHOCTH (DOKYCHPOBKH) B CHOPMEPO-
BaHHBIC B IEPBUYHBINA ITyIOK CUCTEMOU OTPaHWMIMBAIOIINX IIENeH 2, 4
u menpio Cosutepa 3, momamaroT Ha HUCCIeAyeMbIi obpasern J, mioc-
KOCTh KOTOPOTO SIBJIIETCSI KaCaTEIbHON K OKPYKHOCTH (DOKYCHPOBKHU.
JudparupoBaHHbIC PEHTTCHOBCKUE JIyYH OT UCCIIEAYEMOro 00pasiia ue-
pe3 menu Cosuiepa 6, IPUEMHYIO eI 7, HAXOAAIIYIOCS Ha OKPYKHOC-
TH (OKYCHUPOBKHU, U OTPAaHUYMBAIOIIYIO IIETh 8 MONAJa0T B CYETUYHK
KBaHTOB.

Puc. 14. Teomerpust cbeMku pu pokycupoBke 1o bperry-bpenraHo (3amrpixoBaHa
o0iy4yaemasi TOBepXHOCTh 00pasia). 1 — Gokyc peHTreHOBCKOi TpYOKH;
2, 4 — orpannuuBaromiye menu; 3, 6 — mesu Costepa; 5 — obpasew; 7 — HpreMHast 1eIb;
8 — menb cyeTynKa

W3menenne mmpyHBI menei 2 U 7 OCYIIEeCTBIIICTCS 3a CUET HCIOIh-
30BaHMs CMEHHBIX BKJIAJBIIIEH ¢ IMpUHOM mpopeseit 0,05; 0,1; 0,25; 0,5;
1,0; 2,0; 4,0 Mmm. /1151 TOBBIIICHUS CBETOCHIIBI TN(PAKTOMETPA HCTIOJIB3Y-
FOTCSl PEHTTEHOBCKHE TPYOKH C JIMHEHYAThIM (POKYCOM, pacrioaraeMbiM
MIEPICHANKYIISIPHO K OKPYKHOCTU (DOKYCHPOBKH, ITOCKOJIBKY ITPU HAJIH-
yuu 1enerd Cosiepa 3To He BBI3BIBACT YBETMUCHUE PACXOAUMOCTH ITy4Ka
penTreHoBckux Jiydei. Illens 4 1mo3BosigeT orpaHMUMBaTh 10 BEPTUKAIN
pabouyro [UIMHY JuHEeHYaToro (GoKyca, UCIOIIb3ysk CMEHHBIC BKIIAJIBIIIH C
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BBICOTOU TIpopeseit 2, 4, 6, 8, 10 u 12 mm. Illens &8 perymupyercst 1o
BbicoTe (0T 0 710 12 MM) MOJBIKHOM IITOPKOH, YTO MO3BOJISECT U3MEHSTh
WHTEHCHBHOCTh PEHTTEHOBCKOTO M3JTYYEHHS, ITOTIA/IAI0IIETO B CIETUHK.

OcobeHHoCcTRIO hoKycHpOBKH 110 bperry-bpenTtaHo sBisteTcs To, 9To
NP PEerucTpanny peHTTeHOBCKON AU(PPaKIMOHHON KApTHHBI B OTPasKaro-
1I1ee TOJIOYKEHHE BBIXOIST TOITBKO KpHUCTAINIOT padhdecKue IIOCKOCTH, Ma-
pauIeNbHBIE MIOCKOH MOBEPXHOCTH HCCIIEYEMOTO 00pasIia.

Cpenu peHTreHOBCKUX AU(PPAKTOMETPOB 001IeTo HazHaYeHHs Hanbo-
niee THIAIHBM siBiteTcst JIPOH-2,0, KoTophIit MBI paccMOTpHM TIOpoOHEe.
Judpaxromerp JJPOH-2,0 (puc. 15) npenHa3HadeH I BBITOTHEHUS TTH-
POKOro Kpyra peHTIT€HOCTPYKTYPHBIX MCCIEJOBAHUI MOHOKPUCTAILIOB U
MOJIMKPUCTAIUIOB PA3IMIHBIX MaTepuaioB. [IpruMeHenne criermaibHbIX
MIPUCTABOK JI€TaeT BO3MOXKHBIM MPOBEICHNE UCCIIEIOBAaHNI C 0XBAaTOM
oGrmacTH yriios, HaunHas ¢ 12'; B TeMIepaTypHbIX HHTepBaiax ot +20 10
+2000 °C u ot +20 no —180 °C.

OcHoBHEIME YacTsiMu audpakromerpa JJPOH-2,0 smisrorces: coo-
CTBEHHO PEHTTCHOBCKHH amIapat, TOHHOMETPUUYECKUi OJI0K, OOK aBTO-
MAaTH4YeCKOTO0 YIIPABJICHHS, EKTPOHHO-BBIUUCINTEIFHOE YCTPOHCTBO, YC-
TPOICTBO BBIBOAA MHPOPMALIHH.

Co0OcTBEeHHO PEHTICHOBCKUI anmapar mpeIHa3HaueH A5 0Ty YeHHs
PEHTTEHOBCKUX JIy4eH M COCTOUT M3 PEHTTCHOBCKOM TPYOKH, YCTPOMCTB,
NperHa3HauYeHHBIX /IS PETYIUPOBAHMS K M3MEHEHHS HAPSDKEHUS U TOKA,
OJIOKMPOBOK, MPEAOXPAHSIOIINX 00CTY>KUBAIOIIUIA IEPCOHAI OT OpaXKe-
HUSI 2IIEKTPUIECKIAM TOKOM, a PEHTTEHOBCKYIO TPYOKY OT Meperpy3KH (Ha-
NpUMeEp, OT OIUIABIICHHUSI AHOZA TIPH OTKJIFOYEHUH OXJIaXKIICHUsT). AHOZ peH-
TICHOBCKOM TPYyOKH M T€HEpaTop BBICOKOBOJIETHOI'O MCTOYHUKA MUTAHHS
OXJTAXTAIOTCSI TIPOTOYHOM BOIOH C pacxomoM He MeHee 3 JI/MUH.

l'onnomeTpryeckuii OMOK pa3MelieH Ha IJIMTE W BKIIFOYAaeT TOHUO-
MeTp ['YP-5, monBIKHBIIN KPOHIITENH C MEXaHU3MOM FOCTUPOBKH U ChEM-
HBIM KOXKYXOM PEHTT€HOBCKON TPYOKH M CTIEIHaIbHYIO 3aIlIUTy OTepaTo-
pa OT pEHTI€HOBCKOTO M3Iy4eHusl. MeXaHn3M I0CTUPOBKH IpeTHA3HAYECH
JUISl BBIBEZICHUsI (POKYyCa PEeHTTEHOBCKON TPYOKH Ha HYJEBYIO IIOCKOCTb
TOHHOMETPA, a CheMHBIN KOXKYX PEHTT€HOBCKOM TPYOKH — /TSI €€ Kperuie-
HUA 1 o0ecTiedeHHs paaualliOHHON 1 ANIEKTPUUECKOH O€30MacHOCTH O1e-
paropa rpu pabote aupaKToMeTpa.
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Puc. 15. Annapar pertrenockuii JIPOH-2,0. 1 — ycTpoiicTBO 3/1€KTpOHHO-BBIYUCIUTENb-
Hoe DBY-1-4; 2 — 6nok aBroMaTnueckoro ynpasieHust BAY; 3 — croiika audpakromer-
pudeckas ¢ rornomerpoM I'YP-5 1 peHTreHoBCKo# TpyOKOit; 4 — HCTOUHUK MUTaHUS
BbIcOKOBONBTHBIN BUII-2-50-60M; 5 — ycrpoiicTBo BeiBoza uHpopMarmu YBU-3M-1 ¢
LudporieyaTaromiel MalMHKOM U nephopaTopoM

3aiuTa oneparopa OT peHTTCHOBCKOI'O U3JIy4YEHUs COCTOUT U3 CBUH-
LIOBOTO CTEKJIA U METAITMUECKUX MOJBIKHBIX CEKTOPOB, PACMIONIOKEHHBIX
MEPIICHAUKYISIPHO OCU TOHUOMETpa. [1o mepuMeTpy 3THX CEKTOPOB 3aK-
peIUIeHBI IITOPKU U3 TPOCBUHIIOBAHHON PE3UHBIL.

lonnomeTp npeaHa3HaueH i1 TOUHOTO U3MEPEHUS YIIIOB TOBOPOTA
uccienyeMoro oopasa 1 c4eTYrKa KBAHTOB OTHOCHUTEIBHO TTEPBUIHOTO
My9Ka PEHTT€HOBCKHX JIyYei H COCTOUT 3 CIIETYIOIIHNX Y3JI0B:

- KOpIIyca ¢ pa3MeIIeHHOH B HeM KHHEMaTHIECKO cxeMoi, obectie-
YHMBAIOIIEH pa3AebHOE W COBMECTHOE BpallleHHe 00pa3iia U CUeTInKa
BPYYHYIO WX OT 3I€KTPOMOTOPYHNKA;

- BpaIaeMoro BOKpYT OCH TOHHOMETpa IepKaTesist 00pasiia wiTv cIie-
[IUAJIBHOW NIPUCTABKH;

- BpaIl[aéMOr0 BOKPYT TOH e OCH KPOHIITEHHA CUETUHKA;

- CHCTEMBI OTCYETA YIJIOB [TOBOPOTA 00pa3iia ¥ CYETIHKA C ONITHYEC-
KHUM IIPOEKTOPOM;

- CUCTEMBI IIeJIeH CO CTOPOHBI PEHTICHOBCKOM TPYOKH H IIepe]T CUeT-
YHKOM.

Kpome toro, B ToHHOMETpHYIECKOM OJIOKE MOTYT OBITh Pa3MEIICHBI
MPUCTIOCOOIEHHS 1T MOHOXPOMATH3AINH TaaloIIero Wik audparupo-
BaHHOTO M3JTy4YEHUH.

Jli1st mpoBeieH st pa3IMyHOro pojia uccieaoBaHuii ronunomerp I'YP-
5 cHabxkeH AeprkaTessIMA HEOIBIKHBIX 00pa3oB, nmpructaskoii [ TI-2 as
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WCCIIEIOBaHMUs KpUCTAIOrpaduIecKux TeKeTyp, npucraBkoi ['T1-3 ms
HICCIICIOBAHNS MOHOKPHUCTAIUIOB, TprcTaBKkoi [ T1-4 myist Bpantenust oopas-
1I0B B COOCTBEHHOM TLIOCKOCTH.

AOCOITIOTHBIN OTCUET YTIIOBBIX MTOJIOKCHHHA HCCIIETyEeMOTo 00pasia
Y CYETYHMKA KBAHTOB MOXKET OCYIIECTBISTHCS TOIBKO IT0 HIKajlaM TOHHO-
MeTpa.

brnok aBromarrueckoro ynpasneaus (BAY) obecriednBaet yripapiie-
HUe paboToit roHrnoMeTprudeckoro I'YP-5 u a5eKTpOHHO-BBIYUCITUTETHHO-
ro OBY-1-4 ycrpoiicTB , a Taxoke BeiBoza nHpopMarmu Y BHU-3 B pouec-
ce U3MEPEHHUS U PErHCTPalU JU(PaKMOHHON KapTHHBI UCCIIETyEMBIX
00pa3uoB. biiok mo3BossieT paboTaTh B ABYX PeXKUMAaxX H3MEPEHHs CKOPOC-
TH cYeTa: HEeNPEPhIBHOM (TIepeMElIeHUE CUeTUNKA KBAaHTOB B 3aJJaHHOM
YIJIOBOM MHTEPBAIE C pETHCTPaLeH pe3yasTara Mocie OTpadoTKU HHTEp-
BaJia) U IUCKPETHOM (IIIarOBOE JIBM)KEHHE, HIIH CKAaHWPOBAHHUE, C PETHCT-
parmeii pe3ynbTara Imocie OTpaOdOoTKH KaKIIOTO IMara). YIiIoBOM HHTEPBa
W3MEpEeHNs], BpeMs H3MEPEHHS B KaXKI0W TOUKE, YHCIIO IIaroB CKaHNPOBa-
HUSI ¥ BEJTMYMHA I1ara CKAaHUPOBAHUSI 32/IAI0TCS OTIEPATOPOM.

'VIIioBEI€ TepeMeleH sl CYeTINKa KBAHTOB B F(ppakTOMETpe peruc-
TpHUPYIOTCS (POTOAATIIKOM, HAXOSIIIMIMCS B TOHHOMETPHUYECKOM YCTPOii-
ctBe ['YP-5. IIpu BpaleHny cueTynka BOKpPYr OCU TOHUOMETpPA € BBIXOAA
(oTomaTuMKa uepes yCHInuTeNb ¢ AUcKpeTHoCThIo 0,01° moparoTcs MMITyI1b-
CHbIE CUTHAJIBI HA BXOJ] 0JIOKa aBTOMAaTHYECKOTO YIpaBJIeHHs, [IE IPOH3-
BOAUTCSL CYMMHPOBAaHHE UMITYIILCOB, (JOPMHUPOBAHHE TUCKPETHBIX OTME-
TOK U IIIara CKaHUPOBAHUS CUCTUHKA.

B HenpeprsiBHOM pexuMe perucTpanun u3 OIoKa aBTOMaTHIecKoro
YIpaBJIeHNUS BBIIAETCS CHTHAT YIJIOBOW OTMETKH, KOTOPBIN (PHKCHpYETCS
B BHJIE IITPHXa HA FarpPaMMHOM JICHTE CAMOTIHIIIYIIIETO TIOTEHIINOMETPA.

DJIEKTPOHHO-BEUHUCIUTEIBHOE YCTPOHCTBO DBY-1-4 comepkuT BhI-
COKOBOJIBTHBIE OJIOKH IETEKTHPOBAHMS, 00€CTIEINBAIOIINE TUTAHUE CHET-
YHKa KBAaHTOB, M OCYIIECTBISIET YCHIICHHE, aMIUTUTYIHYIO0 TUCKPUMHHA-
LIUIO ¥ CYET CUTHAJIOB, MOCTYHAOLIUX OT 3TOro cueTyrka. CKopocTh cuera
KBAHTOB (B MIMII/C) OTCUMTBIBAETCS 110 LIKAJIE MPSIMOTIOKA3bIBAIOIIETO IPH-
Oopa MHTEHCHMETpa W 10 OJIOKY BU3YaJbHON MHIUKALMH [IepecueTHO-
ro ycrpoiictBa. CKOpOCTb cueTa (MHTEHCUBHOCTh PEHTIEHOBCKOTO U3ITy-
YeHHs1) MOXKET PETHCTPUPOBATHCS B pexuMe (PUKCHPOBAHHOTO BPEMEHU
CUeTa WU B PEKUME HAKOTUICHHS! (PUKCHPOBAHHOTO YHCIIA UMITYIILCOB.

W3 6noka mHTEHCHMETpa CUTHAITHI TOCTYTAOT Ha BXOJ] CAMOIIUIITY-
IIET0 MOTEHITMOMETpa JUTS 3alFCH Ha TnarpaMMHOH JieHTe. OHOBpeMeH-
HO C HETIPEPHIBHO 3aMMChI0 HHTEHCHBHOCTH PETUCTPUPYEMOTO U3ITyde-
HUS Ha IMar paMMHO¥ JIEHTE 3aITMCHIBAETCS YITIOBAs OTMETKA IIePEMETIICHHS
CYETYHKA KBAHTOB.
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VYerpotiictBo BeiBozia nHGopMaru Y BU-3 npeanasnadeHo s Guk-
CaIlyy JaHHBIX 00 MHTEHCUBHOCTH PETHCTPHUPYEMOTO PEHTTEHOBCKOTO H3-
JyYeHUS Ha JICHTE TG POIIeUaTaronero yCTporucTBa, Ha JieHTe miepdopa-
TOpa WK Ha 00CHX JICHTaX OMHOBpeMeHHO. CleyeT OTMETHTD, uTo (hopma
3aM¥ICH Pe3yJIFTAaTOB aHaJM3a Ha Mep(OpaIlOHHBIX JIEHTax OblIa IpeaHa3-
Ha4YCeHa JJTs1 UX HETIOCPEACTBEHHOTO BBOJIA BO BXOIHEIE ycTpoiicTBa BOCB,
KOTOpBIE Cevac MOTHOCTHIO 3aMEHEHBI TIEPCOHATEHBIMI KOMITBIOTEPaMHU.
[ToaToMy ykazanHas (popMa 3aIMCH B HACTOSILIIEE BPEMSI HE HCTIONb3YETCs,
HO 3TOT OJIOK MOXET OBITH MCIIONB30BaH AJIsI TOAKITIOUEHHUS TU(PpaKTOMeT-
pa K IepcoHaIbHOMY KOMITBIOTEPY JIF0OOTO THIIA.

[pu mraroBom pexxumMe paboThl TOHHOMETpa HoMep 1ara (GUKCUpy-
ercs B mudporneyaratomeM ycrpoictse. [Ipu 3anvcu KapTUHBI pEHTTEHO-
BCKOM TU(paKIMK Ha TUarpaMMHOM JICHTE HOMEp IlIara u, CJIea0BaTesb-
HO, yToJI Tidpakimm (@) , paBHbIH YABOCHHOMY OperroBckoMy 3 (@ =29 ),
OTIpeIeNsIeTCs IEPEMHOKEHHEM YFICIIa OTMETOK Ha MHTEPBAJI OTMETKH TN
TIEpEeMHOKEeHNEM YHCIIa IIAar0B Ha BEJIMYHMHY IIara CKaHIPOBAHMSI.

HaganpHoe abcomoTHOE 3HA4YeHNE YITIOBOTO IMOJOXKEHHUS CHETIHKA
3aITUCHIBAETCA OT PyKH Ha JISHTaX CAMOIUIIYIIETO IIOTEHIIMOMETpPa, u-
poreyaTaroero ycrpoicTsa win repdoparopa.

Hudpaxromerp JJPOH-2,0 obecrieunBaet paboTy ¢ OIHOI MM ABY-
MsI OTHOBPEMEHHO BKJIFOYEHHBIMH PEHTTEHOBCKUMH TPYOKaMH.

[Muranue mudpakToMeTpa ocyIecTBIsIETCs OT Tpex(a3HOW ceTH Ie-
peMenHoro Toka yactotoit 50+1 I'u, nanpsoxenuem 380/220 B ¢ momyctu-
MBIM OTKJIOHeHHeM +10% OT HOMHHANBEHOTO 3HA4YEHUs; MOTpelsieMas
MOIITHOCTEL He Ooree 5,5 KBA, MakcUMalIbHOE BHICOKOE HAIIPSHKCHUE Ha
TpyOKe — 50 kB, MakcuMaTbHBIN aHOTHBIN TOK — 60 MA ; HeCTaOMIHLHOCTD
BBICOKOTO HAITPSDKEHUS M aHOTHOTO TOKA B rarra3oHe oT 15 10 50 kB u ot
4 no 60 MA mocite 1Byx gaco nporpesa — 0,03%.

Paguyc R, romnomerpa — R =180 MM (cM. puc. 13). [luanason
VIJIOB TIEPEMEIICHISI CUeTInKa KBAaHTOB — OT —90 mo +164°. TounocTs
YCTaHOBKM M W3MEPEHUS YIVIOB NPH Pa3ieibHOM BpalleHHH oOpasua u
cueTynka KBaHTOB — +0,005°. CKOpOCTh BpallleHUs] CUETYMKA KBAHTOB —
Y oo Vo s M5 1,2, 4, 8, 16 rpan/mun. MHTepBainl nepemMelenus
cuerurka B maroBom pexume — 0,01; 0,05; 0,1; 0,2; 1,00°.

VrnoBast OTMETKa Ha JIEHTE CaMOITHIIYILETO TIOTeHIMOMETPa OCy1IIe-
CTBIISICTCS TIO IIKaJe TOHHOMETPUYECKOTO YCTPOMCTBA, IO OTMETKaM Ha
JarpaMMHOM JIHTE CaMOITHIIYIIETO IMOTEHIIMOMETPA, TI0 TOPSIKOBBIM
HOMEpaM IIaroB CKaHUPOBAaHHA Ha JICHTE HMU(POIEUaTaIoNIero yCTpoii-
CTBa WJIH HA JieHTe riepdoparopa.

WuTencuBHOCTD An(parnpoBaHHOTO PEHTTEHOBCKOTO M3ITyYeHHUS Pe-
THCTPUPYETCS IPSIMONOKA3bIBAIOIINM MPHOOPOM HHTEHCHMETPa, OITOKOM

26



BU3YyaJbHOW UH/IUKAIIUH IEPECUETHOTO YCTPOWCTBA, HA JICHTE CAMOITHUIILY-
IIEro MOTEHIIMOMETPA, Ha JICHTE IM(PPOIIEUATAIOIIETO YCTPONUCTRA, Ha JICHTE
niepoparopa.

OcHOBHasl anmaparypHasi HOrpelrHOCTh U3MEPEHHUSI UHTCHCHBHOCTH
T parnpoBaHHOTO PEHTTEHOBCKOTO M3ITydeHus He npeBsiaet 0,5%.

6. IOCTUPOBKA TOHUOMETPA PEHTTEHOBCKOI'O
JIUOPAKTOMETPA

I'oHnomeTpHrueckue, To €CTh YIIOMEPHBIE YCTPOICTBA pEHTTEHOBCKIX
I(PaKTOMETPOB WM MIPOCTO TOHUOMETPBI, MOTYT HMETh CBOM OCOObIE
KOHCTPYKTHBHBIE 0cOOeHHOCTH. 715 mprmepa Ha puc. 16 npuBesieH ToHu-
OMETP C iepKaresieM INOCKUX 00pa3noB. HecMOTpst Ha HEKOTOpBIE pa3iu-
YHsl, BCE TOHUOMETPBI UIMEIOT O0IIIHE TeOMETPUIECKHIE OCOOEHHOCTH, 3aK-
JIFOYAIOILIUECS] B CIIETYIOIIEM.

Puc. 16. Tornomerp I'YP-5 pentrenosckoro qudppakromerpa JJPOH-2,0 ¢ neprxarenem
IUIOCKUX 00pa3LoB: 1 — cbeMHBIH KoXyX; 2 —roHuoMeTp I'YP-5; 3 —3ammrHoe cTekIo;
4 — nuTa; 5 — rMTa roHnoMeTpa; 6 — BUHT; 7 — IUIaHKa; 8 — yIop; 9 — KpoHIITeH;

10 —mmonka; 11 —mnanka; 12 — BUHT
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Tak kak B TOHHOMETPAX JIOJDKHO BBITIOITHATHCS YCIOBHE (DOKYCHPOB-
KU, @ CIETYMK MOXKET 3apErUCTPUPOBATH MHTEHCUBHOCTH PEHTTEHOBCKOIO
JIy4a TOJIBKO JUIsl (PUKCHPOBAHHOIO YTJIA PACCESIHUS, TO HEOOXOIMMO OCY-
IIECTBIIATH KaK BpalllcHHE CYETIMKA, TaK U BpalleHue oopasia. CoBmnaje-
HHE 3TUX OCeW BPaIEHHs TapaHTHPYETCS 3aBOIOM-M3TOTOBUTEIIEM U He-
BBITTOJTHEHHE ATOTO YCIIOBHUS JIENAeT TOHNOMETP HETPUTOAHBIM K padore.
Ocp Bpamennst 00pasiia ¥ c4eTdrKa JOJDKHA HaXOAUTHCS CTPOTO Ha OTpa-
JKaroIIei IMoBepXHOCTH 00pa3iia MpH JIF0OOM €T0 TIOJIOKEHHUH, U Yepe3 3Ty
OCh JIOJDKEH MPOXOAUTH NIEPBUYHBIA PEHTICHOBCKUH JTy4. ['eomeTpuuec-
Kasi cxema, HeoOXouMast ISl YCTIEeTHOM paboThl TOHNOMETPa, TIPHUBEIeHa
Ha puc. 17. B 3ToM ciydae roBOpST, 4TO YCIOBUE FOCTUPOBKH (OT JIATHHC-
KOTO justus — IIpaBUJIBHBIN ) BHITOIHEHO. [Ipy 3TOM HOpMaib K OTpaxaro-
1IeH MIOCKOCTH 00pa3iia IOMKHA JISKATh B INIOCKOCTH ITEPBUYHOTO U OT-
PAXSHHOTO JTy4ei ¥ OBITh EPIICHIUKYIISIPHON OCH TOHUOMETPA.

[Tpu npou3BONILHON yCTaHOBKE 00pa3iia HyJld CYeTYMKa U 00pasia
TO IIIKaJIe TOHKOMETpa MOTYT HE COBIAJIaTh ¢ HYJCBOM oTMeTKOM. Kpome
TOTO, OTPAKAFOIAs ITTOCKOCTH 00pa3iia MOXKET He COBITA/IaTh C OCHIO TOHU-

oMerpa.
cu

Puc. 17. [eomerpudeckas cxema roanomerpa. O — ock BpamieHus oopasia (00) u cuer-
YHKa (C4), I —, 0J1 — IEPBUYHBIN U OTPaXKEHHBIN Tyl COOTBETCTBEHHO, 71 —HOPMaJb K
OTpaXkarollei II0cKocTH obpasua, J — yroa Bymbda-bparra

Ha nagansHOM 3Tame HCO6XOZ[I/IMO OMPpEACIINTL HYJICBBIC ITOJIOKCHUA
CUCTUYHMKA U 06pa3ua. I[Jlﬂ OTOr'0 UCMIOJIB3YIOTCA MPUJIaracMbIC K TOHUOMET-
Py FOCTUPOBOYHLIC H_[eJ'H/I*. I[JIH OIpeACICHNS HYJICBOTO INOJIOXCHUA CUCT-

"ECIu 11eNb OTCYTCTBYET, €€ JISTKO M3TOTOBHUTH U3 CTEKIIHHBIX TTOJIOC, IPOIOYKUB
MEKly HUMH KyCOYKH JIe3BHs 6e3011acHOI OpUTBBI
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4rKa 1 00pasia Imelb YCTaHABIUBACTCS B JiepyKaTelb oopasua (puc. 18 a).
CYeTyuK OTBOMUTCS OT MEPBHUYHOTO ITydKa. 3aTeM ITOBOPOTOM 0Opasiia
JIOCTUTACTCSI TIOJIOKEHUE TIEITH, KOTJIa Yepe3 Hee MPOXOMUT IIePBUYHBIH
JTy4, KOTOPBIN (PUKCHPYETCS C IIOMOIIBIO (rryopectmpyromiero skpana. [To
mKaje odpasua pukcupyercs yriosoe nonoxenue (9 ). 3arem BpyuHyIo
CTONMK 00pa3sia ¢ YCTaHOBJICHHOH Ha HEM IIEbI0 IOBOPAYMBACTCS HA
yrox 180° (puc. 18 6), TO eCTh MO ITKaJe TOHHOMETPa YCTAaHOBIICH YTOJI
¢ +180°. Eciu npy 5TOM TEPBUYHBIN MTy9OK IIPOXOIHT Yepe3 MIENb, TO
YIoi ¢ OmpesieNsieT HyJIEBOE TONIOKeHUe 06pasua. Eciu npu yrie ¢ my-
YOK MJIET Y€pe3 LIeNb, a Ipu yrie ¢ +180° OH OTCYTCTBYET, 9TO 3HAYMT,
YTO OCh TOHHOMETPA HE HAXOAUTCSI B TPEOYEMOM ITOJIOKEHHH OTHOCUTEITh-
HO oOpasia. Pyukoii moBopora o0Opa3iia J0OUBAIOTCS TPOXOXKICHHS JTy4da
TIPY MOJIOXKESHUH IIENH TTocie moBopoTa Ha 180° u rkcupyeTcs 3HaueHne
yIiIa 1o mkaie oopasua (). Bennunna

A=¢-($p-180") ®)

OTIpeNeIsIeT CTETIeHb Pa3bIOCTUPOBKH 00pasma (puc. 19).

|

6 [NV

=
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>

Puc. 18. Onpezenenue nonoxeHuit 00pasua v CYeTINKa C MOMOLIBIO LISITH

Kak BumHO u3 puc. 19, ecmn A > 0, TO aepkaresib 00pasiia, To eCTh
1 OTpaXkarollasi IFI0CKOCTb 00pasLia, 3aX0IHT 3a OCh TOHHOMeTpa. B ciryyae
A < 0 neprkarenb 0Opasia He JOXOAUT 10 ocH roHnoMeTpa. OOHapy KeH-
HOE HECOBIMaACHUE OCH TOHHOMETPA C OTPaKAIOIIeH MOBEPXHOCTBIO 00-
pasua ycrpasiercs 1100 nepeMelieHreM AepkaTens o0pasia B TOpU30H-
TaJIbHOM HaIIpaBJICHUH, IEPIICHANKYISPHOM ITyUKY, 1100 pa3BOPOTOM BCETO
TOHHOMETpPa OTHOCUTENBHO TPYOKH (0OBIYHO 3TO HEOOIIBILOH Yo, HE Mpe-
BBIMArOIIHiA 1° + 2°). HeoOxomimo ToOUTECS TTOTIOKEHHS 00pasIia, Koraa A
craret paBHbIM 0. Tompko B 9TOM citydae yron ¢ ompenessieT HyjleBoe
10J10KeHHe 00pasLa I1o IKajie o0pasia rosnomerpa (yron o, ). Hanee on-
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Puc. 19. Onpenenenue caura aepxaresst oopasia ot ocu ronrnomerpa (O):
Il — FOCTHPOBOYHAs I11eJIb; PJ1 — PEHTTCHOBCKHH JIy4; a — JiepKaTellb 3aX0IHT 3a OCb;
6 — AepKarellb He JOXOIUT 10 OCU

penensiercs MPUMEPHOE HYJICBOE IMOJIOKEHUE CYCTUMKA. Tak Kak Ha STOM
JTare B IIEJb CYCTIUKA [PETyCMATPUBACTCS IO/ IaHKE IICPBUYHOTO JTy4a,
YTO MOXKET BBIBECTH CUETUHK M3 CTPOs, HEOOXOAMMO TIepe]] BXOHOM IIie-
JIBEO TIOMECTHUTH ITOTIIOTUTEINH (0CIA0UTENh) PEHTTEHOBCKOTO JTy4a. J{ist 3Toi
eITM MOYKHO MCTIONT30BATh HECKOJIBKO CIIOEB CTAHUOJIU WITH JTF00YIO TOH-
KY10, TIOIJIONIAONIYI0 H3TyUeHUE IUIACTHHKY. Jlanee jepxarens obpasia
BMECTE C FOCTUPOBOYHOMH IENbI0 YCTAHABIMBAETCS B IIOJIOKEHUE O () , THOO
o, +180°, M IPOM3BOIUTCS 3AMMCH HHTEHCUBHOCTH PEHTTEHOBCKOIO JTyya
TP HETIONIBIDKHOM 00pasiie u IBIKYIIEMCS CUeTIrKe ¢ (PUKcarumei mep-
BUYHOTO Tydka (puc. 20, a). [TepeMernars caeTInK MOKHO Kak 13 1 B 2,
TaK U B 00paTHOM HarpasieHuu. [lojokeHre MakCuMyMa Ha KPUBOM HH-
TEHCHBHOCTH (pHc. 20, 6) Ope/eIseT HyIeBOC HOI0XKCHHE cueTdrKa (3 ).
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IIpu npaBuIIbHOM FOCTHPOBKE NPO(uiIL KpuBoi /() (puc. 20, 6) nomwken
OBITH CHMMETPUYHBIM M COBIIAJATh C MPO(IIEM 3TOH KPUBOH IIpH ycTa-
HOBKE IIIeJIM Ha yrol o, +180°.

“ w2
Q.

I T »

1 BO 2 ()

Puc. 20. IlepBonagansHOe (rpy0oe) onpeiesieHne HymIsI CIeTIHKA: d — IIepeMelIeHne
CUETYHKA; 6 — KPUBAsi HHTCHCHBHOCTH, B, — HYJIb CHETUHKA, ¢ — yIIIOBOE MOJNIOKEHHE

CUCTYHKA, ] —HWHTCHCUBHOCTb PEHTT'CHOBCKOT'O N3TyCHHUA
st Gonee TOYHOTO OMpesieieHHsT HYJIEBOTO TIOJIOKEHHUST CUETUHNKA
UCTIONB3YeTCs cieyrolias MeTouKa. B neprxarens o0paslia ycTaHaBIH-
BaeTCs M3TOTOBJICHHBIN M3 MeTalIa (CTajb, OpoH3a, Menb) KIiH (puc. 21)
Tak, 9To0bI ero pedpo (R Ha puc. 21) coBmamaio ¢ 0ChI0 TOHUOMETpA.

‘
a

0

Puc. 21. FOcTipoBOYHBIE KITMHBS VIS PA3IMNYHbIX IPUCTABOK K TOHUOMETPY: d —, O — VIS
HPUCTABKH NP CheMKe Oe3 BpallieHus ¥ ¢ BpallleHHeM 00pasiia COOTBETCTBEHHO;
R—pebpo knuHa
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[pu HenoaBM>XHOM 00pasiie U3MepsIeTCs 3aBUCUMOCTh HHTEHCHBHO-
CTH OT YIJIOBOTO ITOJIOKEHHS CIETINKA, KOTOPBINA IIepeMelaeTcsi B UHTep-
Basie yrioB ot 3, +0 10 B, —d. B, — HOJb cueTYHKA, ONPEACICHHBIIH C
KCIIOJIb30BaHUEM FOCTHPOBOYHOM 1ienu. Hanpumep, U3 «ocBenaemMoin»
o0acty B 0011aCTh TE€HH, CO3aBaeMOM KITMHOM (puc. 21). OctaBuB cueT-
YMK B NO3UIKMK B, — O, HEOOXOMMMO Pa3BEPHYTh JEpIKaTEb 00pasia Ha
180°. CyeTurk oKa3aucs B OCBEIIaEMON PEHTTEHOBCKHAM JIydOM 00JIacTH.
Hanee npu HEMOABIKHOM 00pa3IE CYETIMK IIEPEMEIAETCA OT yIia 3 — &
1o B, + o . Ilpu stom Gyzner momydena X -00pasHasi KpuBasi, IEpeCeUeHne
BETBEi KOTOPOI TOYHO OMpesienseT HyleBoe TOI0KEHHE cueTanka By .
[Tpu 5TOM BO3MOXHBI CITy4au, PUBEJICHHBIE Ha puc. 22. U3 3Toro pucyHka
CIIEAYET, YTO JAaHHAs METOIMKA TTO3BOJISIET HE TOJBKO YCTAHOBUTH TOYHOE
3Ha4YCHUE HYJIEBOTO MOJIOKEHHS CUETUHKA, HO U YTOYHUTH TIOJIOXKEHHUE JIEP-
JKarest oOpasiia OTHOCHTENTFHO OCH TOHHOMeTpa. OTHIOCTHPOBAHHBIN TO-
HHOMETp XapakTepusyercst X -00pa3Hoi KpuBOi 6 Ha puc. 22.

\
7/

Puc. 22. Onpenenenue Hyms cyeT4uKa (B 0 ) 1 TIPOBEpKa YCTAHOBKY JieprKaTertst o0pasia
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Ecnu npu rcnonk30BaHUY TaHHOW METOIUKH TTOMYYHIOCh TaK, YTO
OCTaJIbHBIC BETBH KPUBOH MMEIOT pa3HYyI0 HHTEHCUBHOCTH (pHC. 23), 3TO
YKa3bIBacT HA HECHMMETPHYHOCTD CEUCHUSI TIEPBUYHOTO JTyda.

-

Bo

Puc. 23. X - kpuBas Ipyu HECUIMMETPHIHOM CEUCHHUH IEPBUYHOTO
PEHTIEHOBCKOTO JIy4a

Ecnn npu roctupoBke OyaeT mosydyeHa KpuBasi, MofoOHasi n300pa-
JKeHHBIM Ha puc. 22 g, 6 u puc. 23, To s JOCTIWKEHHUS MPaBUILHON
paboThl TudpaKToMeTpa HEOOXOMUMO YCTPAHHUTh dTOT HEAOCTATOK, B TIPO-
TUBHOM CJTydae JJaHHBIE O TIPOQHIIe 1 YIIIOBOM ITOJIOKEHHH pedrieKca Ha
nmudpakTorpaMme OyIyT HEBEPHBIMH.

7. TPEBOBAHUA K TEXHUKE BE3OITACHOCTU ITPU PABOTE
CPEHTTEHOBCKUM IMOPAKTOMETPOM

[Tpu paboTe peHTTeHOBCKOTO TU(hpaKTOMETpa CYITIECTBYIOT IBE TPYTI-
16l JAKTOPOB, Ha KOTOPBIE HEOOXOMMO 00paIaTh BHUMAaHUE.

1. PenTrenoBckuii Au(pakToMeTp, KaK 1 I000H PEHTTE€HOBCKUH arl-
rapar, — 3TO armapar ¢ BBICOKAM JIeKTPUISCKUM HanpspkeHneM. [TomHoc-
TBIO COOpPAaHHBIA PEHTTCHOBCKUH TU(PPAKTOMETP SIBIISCTCS AJICKTPHUUCCKU
0e30IMacHbBIM, TaK KaK BCE TOKOBEIYIIHE YaCTH KaK BHICOKOTO, TaK U HU3-
KOT'O HAITPsHKEHHUS 3aKPBITHI M HEJIOCTYITHBI JIJIs IPUKOCHOBEHHMS. []1s 00ec-
MedeHns: 0e30MacHOCTH OT IMOPAYKEHHUS DIIEKTPHUECKIM TOKOM HEOOXOITH-
MO CIIeIUTb, YTOOBI OBLTH 3aKPBITHI BCE CTEHKH BEICOKOBOJIBTHOTO OJIOKa,
9TOOBI HE OBUTO MeEKTOB B Kabelle, MATAIOIIEM PEHTTCHOBCKYIO TPYOKY.
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3anpereHo BhIMOIHATh KaKUE-TN00 PEMOHTHBIC PaOOThI MPU BKITIOUCH-
HOW 3JIEKTPUYECKOMN 1IEMH.

2. Bce peHTreHOBCKHE amnmaparbl, B TOM YHCIIE W PEHTTEHOBCKHE
I(QPaKTOMETPHI, SBISIIOTCS UCTOYHIKAMH MOHM3HUPYIOIIETO M3ITyUYEeHUs..
IIpwn 3aKpBITHIX MITOPKaX OKOH PEHTTEHOBCKOUM TPYOKH TU(PPAKTOMET SIB-
JISIETCSI PaHaIIOHHO-0€301TaCHBIM JIJIs 0OCITY KHBAIOIIET 0 ITlepcoHasa. PeH-
TreHOBCKHN AN(PAKTOMETP CHAOKEH TOTTIOMIAIOINM PEHTTEHOBCKOE M3~
JydeHue SKPaHOM M3 CTEKIIa, COAEPIKALIEro CoNy CBUHIA. Paguaronnas
3alIKTa JOJDKHA 00ECTICUMBATRCS IOTIOTHUTEIBHBIMU SKPaHAMH TaK, YTO-
OBl TIpY JTFOOOM ITOJIOKEHUH COTPYTHHKA MEXK/TY HUM U BBIXOTHBIM OKHOM
TpyOKH, a Takxke 00pa3oM 00s3aTeNnbHO ObLT 3aIIUTHEIN dKpaH. Ocoboe
BHUMaHKE Ha TpeOOBaHUS TEXHUKU PAJUAIMOHHON 0€30IacHOCTH HAzo
o0pamiath Mpu I0OCTUPOBKE TOHHOMETPA.

JKenarenpHO HCKITIOYATh CIIy4au, KOTa B TIOMEIEHNH, Tie paboTaer
IpakToMeTp, HaXOIATCsI COTPYAHUKH. Ha repros] CbeMKH peHTreHOTrpam-
MBI COTPYIHHUKH TOJDKHBI TTOKWAATH IoMerienre. Ecim npucytcrBue co-
TPYIHUKOB HEOOXOIUMO, TO HAJIO CIeIIaTh TaK, YTOOHI 32 paboTaroTIM Ha
TU(PPaKTOMETPE YETOBEKOM MOT' HAOIFOIATh U APYTON COTPYIHUK, YTOOBI
TIPH HEOOXOIMMOCTH OH MOT OKa3aTh TPEOyeMYTO ITOMOIIIb.

Bce paboraromue Ha qudpakroMeTpe, Kak U Ha APYTUX PEHTTCHO-
BCKUX araparax, I0JDKHbI B 00S13aTeITbHOM MOPSIIKE MPONTH HHCTPYKTaK
M0 TEXHHUKE OE30MACHOCTH, KOTOPBIH OCYIIECTBISIET OHUIMATEHO YTBEp-
JKIIEHHBIH J7151 5TOTO CHELHUAIHCT.

8. IIOJIYYEHUE 1 PACYET PEHTT'EHOBCKHX
JNDPAKTOI' PAMM ITOJIMKPHCTAJIJIOB

ITpuroroBJienne oopasua.

[TonukpuCTATHIECKUNA HETEKCTYPUPOBAHHBIN 00pa3el TOKEeH
UMETH (POpPMY TIPSIMOYTOIHHON MIIM KPYIVIOW IUTACTUHKU C POBHOU TI0-
BepXHOCTHIO. O0paser ycTaHaBIMBaeTCs BepTHUKaIbHO. Ecim oOpasen
MPeACTaBIAeT cO00M METAIUIMYECKYIO TUIACTHHY, MHHEPAJIbHBIN TUTH(
WM 000 APYToit 00BEKT ¢ pOBHON MOBEPXHOCTHIO, TO €r0 HEMOCPEA-
CTBEHHO CTaBST B JICPXKATEIb U OCYIIECTBISIOT CheMKY AU(pPaKTOrpam-
™Mbl Eciu o6paselr siBisieTcs MOpoIKoM, TO €ro 3alpPeCOBLIBAIOT B KIOBE-
Ty younoi 0,5 1,5 MM, 1100 HAKICHBAIOT HA POBHYIO TOIOKKY.
IIpu vcmonb30BaHUU KIIESIIETO BEHIECTBA CIETyeT UMETh B BUIY, YTO
paccesiHUe Ha 3TOM BEIIIECTBE MOXKET BHECTH KaKUE-TO U3MECHEHHUS B TUQ-
paktorpammy. [ToaToMy TpeOyercst Opars b0 aMophHOE BEMIECTBO, THO0
HAaJI0 3HATh PEHTTEHOTPaMMy 3TOTO KJIeromIero BemecTBa. OOBIMHO PEHT-
TeHOTpaMMa KJIESIIIEero BelecTBa CHUMAETC sl BO BCEX CITydastx, YTO 00JIer-
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YaeT BBIENICHNE JIMHUN 1 MOAYJSIIui (poHa McciemyeMoro oObeKTa Ha
TU(PaAKIIMOHHON KapTHHE.

Br10op pexxuma paboThl perHCTPUPYIOIICH CUCTEMBI MOXKHO CICNIATh
o TU(PPAKIIMOHHOMY IUKY OT 3TAJIOHHOTO BEIIIECTBA, B KAYECTBE KOTOPO-
TO PEKOMEHIyeTCsI NCTONB30BaTh o -KBapil. Ilocie Toro, Kak BKIIOYEH
TU(PPaKTOMETP, YCTAHOBIICHO BBICOKOE HAIPSHKEHUE TTUTAHHS (POTOIIIEK-
TPOHHOTO YMHOXXHTENS, YKa3aHHOE B MACIOPTE CUETYHKA KBAHTOB, U
O -KBapIl BEIBEJICH B OTpaKaroIiee MojJoKeHHE, HEOOX0IUMO:

1. 3aKkpbITh OKHO Ha 3aIUTHOM KOXKYXE PEHTICHOBCKOW TPYOKH U
mo00path MOPOr TUCKpUMHUHATOPa, Ha 1 + 1,5 B mpeBbImaromimii aMruim-
TyAy IIyMOB (OHA CTYTICHb TUCKPUMHHATOPa cooTBETCTBYET 0,5 B).

2. OTKpBITh OKHO Ha 3aIlIUTHOM KOXKyX€E |, Bapbupyst kodddurment
YCHWJICHUSI, HAWTH TPaHHIBl MHTEPBAJIa, B KOTOPOM PErUCTpHUpyeMasi WH-
TEHCUBHOCTH HE 3aBHCUT OT KO(P(QUIIEHTa YCUICHUS B CEPEAUHE 3TOTO
unTepBaia. [Ipu padote audpakromMeTpa perucTprpyeMas HHTCHCUBHOCTh
He norpkHa npeBbimars 10000 uMir/c; ee ypoBeHb peryiupyeTcs U3MeHe-
HHUEM JH00 BEIMYMHBI aHOJHOTO TOKA FUTH BBICOKOTO HAIPSDKEHWS, JIHO0
BBICOTHI IIIENN TIEPE CIETIYNKOM KBAHTOB.

3. VYcTaHOBUTH MHPHHY OKHA muckpumuHatopa 0,5 B u, Bappupys
TOPOT, TOCTPOUTH KPUBYIO aMILIUTYIHOTO pacrpesencHus (puc. 24). On-
penenuth 3Hauenne U, , oTBeyaroiee MakCUMyMy KPUBOM pacripeserie-
HUSI, U TIOJYIIUPUHY KPUBOW pacripenielieHuss A4 . YCTaHOBUThH IIUPUHY
OKHAa IIMCKPUMHUHATOPA, PABHYIO 2A4, U HUXKHUN MOPOT, paBHBIN
U, -0,

4. TlepexpbITh IMy4OK PEHTT€HOBCKHX JTydeil 1 U3MEPHUTH IIyMBI CXe-
MbI 3a 100 ¢. Ecimu iryMbI OKaXyTcst 00JIbIIe YKa3aHHBIX B ITACTIOPTE OJIOKA
JICTEKTHPOBAHUS, HAJIO CHU3UTh BEICOKOE HATIPSDKCHUE TTMTAHUS CICTUMKA
kBaHTOB Ha 20...30 B u moBTOpUTH IMTyHKT 3.

Br100p reoMeTpr4ecKux yCIOBHI ChEMKH BBITTOTHSIETCS IT0 CXEME.

Heprkatens oOpasiia win crienuaigbHas IPHCTaBKa, yCTaHABIHUBAe-
MBI€ Ha TOHIOMETPE, TOJDKHBI COOTBETCTBOBATh KOHKPETHBIM 33/1a4aM HC-
CJIEZIOBAHUS M Pa3MepaM HCIIOIb30BAHHBIX 00Pa3IIoB.

Pa3meps! paboumx 1ienei BEIOMPArOTCS, UCXO/IS U3 33124 HCCIISI0Ba-
HUSI ¥ HEKOTOPBIX 00X cooOpaxkeHui. Ecim, Harpumep, TpeOyeTcs mo-
JIYYHUTh BEICOKOE pa3pelieHue qudpakTorpaMmbl (KeaaTeaIbHOe, B YaCTHO-
CTH, TIPY TIPOBEIeHNH (Da30BOTO aHANN3a), CIeyeT CIOIb30BaTh y3KHe
(0,25 wmm 0,5 MM) TIIeTH ¥ OTpaHUYCHUE ITy9Ka PEHTTEHOBCKUX JTydeh 110
BbIcOTe. JI1s1 oMyYeHus mapauieIbHOTO TIEPBUYHOTO MyYKa PEHTTEHO-
BCKUX JIy4eH IIEeNN Y PEHTT€HOBCKOU TPYOKH JIOJDKHBI UMETh OTUHAKOBYIO
IIMPHHY, a JJIs1 IOTYYeHHsT PACXOJAIIETOCS ITydYKa MepBasi U3 3TUX [Ieeh
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JIOJDKHA OBITh yoke Bropoid. LIIupuHa mieny repe/t C4eTYMKoM KBAHTOB JIOJIK-
Ha OBITh HE MEHBIIIE TOPU30HTAIEHON MPOSKIWH (POKyCa PEHTTCHOBCKON
TpyOKu (0,05 Mm). Koraa TpeOyroTcst TOBKO HHTETpalibHBIC HHTEHCUBHOC-
TH AU(PAKIIUOHHBIX JTMHUMA, TIEPE]] CYSTIMKOM IIETIECO00PA3HO UCTIONB30-
BaTh mupokue (1o 1,0 MM) menu.

CKOpOCTh BpAILICHUS CYETYMKA TAKXKE BEIOUPAIOT B 3aBUCHMOCTH OT
uenei uccnenoanus. Hanpumep, 11 TOUHOTO ONPEAEICHUS MECTOIOIIO-
JKeHUsI WK ipoduiist T paKiMOHHOM JIMHUK HEOOXOAUMO HCIIONIB30BaTh
MUHUMAJIbHYIO CKOPOCTh BpalleHus cuerynka. [Ipu 3ToM HyXHO HCXO-
JTIATh U3 TOTO, YTOOKI 32 BpeMsl yCPEAHEHHS (T. €. IOCTOSHHYIO BPEMEHH )
CYETUYHMK CMECTHJICA He 00Jiee ueM Ha IIMPUHY CBOEH MPUEMHOM IIIEIH.

Perucrparus nudpakiimoHHON KapTUHEI B AUPPAKTOTpaMMax MO-
JKeT OBITh OCYIISCTBICHA B PEKUMAaxX HENMPEPHIBHOM 3amucu 0e3 oT-
METKH, HEIPEPHIBHOM 3alUCH C OTMETKOM, IIArOBOTO CKAHUPOBAHUS.
[Ipu pemieHun OOJIBIIMHCTBA 3a/1a4 UCIOJIB3YIOTCS JIBA MOCICIHUX
pexuma.

I, umm/c
4

In

I/2 pome

[

Un U,B

Puc. 24. Cxema KpuBOii paclpeie/ICHUs] CUTHAJIOB KBAHTOB 10 aMILIUTY1aM

s peructparym AudpakiIHOHHON KapTUHBI B PEKUME HETIPEPHIB-
HOH 3aITHCH C OTMETKON HEOOXOIIMO:

) BKITFOUHTH CAMOTTHIITYIITHH ITOTSHITOMETP TyMOrtepoM «I IprOop BKILY;

0) ycraHoBuTh Ha BAY mepeximodarens «Pexxumy B onokerne «He-

npep.»;
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B) HA)KaTUEM COOTBETCTBYIOILEH KHOIIKH yCTaHOBUTH Ha BAY Heo0-
xomumyto otMeTKy (0,1° mmu 1,0°), a TOBOPOTOM TUCKOBBIX TIEpEKIIFoUare-
JISH — 9HCII0 MAaroB CKaHUPOBAHWS, TIpeBhImaroriee 99 (manpumep, 101);

T') HOXaTh Ha IyJIbTe TOHHoMeTpa KHONKH «Ckanup.» u «lIpucras-
ka» (pu padote ¢ mpuctaBkamu ['T1-2 wmm ['T1-4);

) 3aIyCTHUTh IBUTATEI TOHUOMETPa U TIOTEHIIMOMETpa OTHOBpE-
MEHHBIM Ha)KaTHeM KHOTOK «CeTb» 1 «/lumarpamMmay.

- I peTHCTPaLX Ha JEeHTy mepdoparopa Hy>KHO BKIIOUUTH yCT-
poiictBo YBU-3M-1 u nepdoparop;

- JUIsl PETUCTpPALMH Ha JIEHTY L(poreyaTaromero ycrpoicTsa cie-
JTyeT BKIIFOUHTH repdoparop U Haxark KHONKY «[leyatsy;

- IIpY BKJIIOYEHHOM niepdopatope u Haxarol kHomke «Iledars» pe-
THUCTpALUs OCYILECTBISIETCS OMHOBPEMEHHO Ha JIEHTE IepQopaTopa 1 JIHTe
UQpoIeyaTaroero yCTpoicTBa;

- peructparys 1mo 070Ky BH3YaJIbHOW MHAWKAIIMN OCYIIECTBISETCS
MapaJuIeNbHO C OCTaJIBHBIMU CTIOCO0AMH PETHCTPAIINH.

s peructpamyn AnpakIiOHHOW KapTHHBI B PEKAME IIarOBOTO
CKaHMPOBAHUS HEOOXOIHUMO:

a) ycraHoBUTh Ha BAY mepexmouarens «Pexum» B MOTOKEHUE
«Jluckp.»;

0) BEIOpaTh ¥ yCTAHOBUTH IIaT CKAHUPOBAHMUSI;

B) BBIOpATh U 3aJaTh CIIOCOO PETHCTPALIN;

T) BBIOpATh U 3a1aTh pof paboThl Ha ycTpoiictee DBY;

- JUISl PETUCTPaLMK B PEXKUME ITOCTOSIHHOTO BPEMEHH cyeTa TyMOJIep
«MHnuKaims» ycTaHOBUThH B nosoxeHue II;

- UL PETUCTPALIUH B PeXKIME HaOOpa MOCTOSTHHOTO YHCIIa UMITYIIb-
coB TyMOITep «VHIMKAMsD) yCTaHOBUTH B TIOJIokeHue lin #%;

II) B 3aBUCUMOCTH OT BBIOPaHHOTO poza padoTHI 3a1aTh HA yCTPOH-
ctBe DBY He00X0qMBIE SKCITO3UITHIO FITH YMCIIO UMITYJIBCOB;

€) HaKaTh Ha IyJIbTe TOHnoMeTpa KHomkn «Ckanup.» u «lIpuctas-
ka» (mpu padote ¢ npuctaBkamu ['T1-2 nmm ['T1-4);

K) Hakats Ha BAY kxnonku «Copoc» u «Ilyck».

B mogasnsroneM OONMBIIMHCTBE CIY4aeB perucTpauus Au(paKTor-
PaMMBI OCYIIECTBIISIETCS €€ 3aMMChI0 Ha TUarpaMMHYIO JIEHTY, 4TO TI03BO-
JsieT B OOJIBLIMHCTBE CITy4YaeB C JOCTATOYHOM TOYHOCTHIO ONPENENSITh 10-
JIOKEHUSI 1 MHTCHCUBHOCTU PEHTTEHOBCKUX peduiekcoB. PaccMoTpum
CiTydaif, korga audpakTorpaMMa ModydeHa ¢ BKIIOYEHHBIM OTMETIYHUKOM
ymioB. Ha puc. 25 npusenen GpparmedT nudpakTorpaMMBbI ¢ IMEFOIITAMCS
pedrexcoM, KOTOPBIM HaXOAUTCS B MHTEpBANE yIioB ¢ +¢ +1. Ymiosoe
roJiokeHue pedirexca R onpenensercs ciemyronmM oopazom. Ecim cko-
POCTB BpaIlleHHs] CYCTYMKA paBHA (0 IPaj[MHH', a CKOPOCTh NPOTHKKH
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JIMarpaMHOM JICHTBI vV MM/4ac (AMEHHO TaKHe eIMHHIIBI I3MEPEHHUS yCTa-
HABJIMBAOTCS TI0 IIKAJIe TOHUOMETPA U JIEKTPOHHOTO MOTCHIIOMETPA),
TO TIpH TIOBOPOTE CUETUYHKA Ha 1° TuarpaMMHAas JICHTa IPOTATUBACTCS Ha
L =v/60 MM (cm. puc. 25). J1ns onpenenenus yria qudpaxiwu pedrexca

0. =29, ©)

(8, —Oporroeckuii yroi peduiekca R) HeOOXOAMMO H3MEPHTH PACCTOSHHUE
MO TOPU30HTAIIM OT MaKCUMyMa pedriekca 10 OTMETKH ¢ , PacIoIoKeH-
HO¥i cripaBa OT R, TO €CThb HaiiTh BennuuHy ; (MM). 3HauYeHUE yia Jud-
pakuun §  onpenensercs 1o hopmyie:

¢r=0+(/R) (10)

Ecim paccrosiaue oT MakcumyMma pediiekca u3MepsieTcst OT OTMETKH,
Texarieit ciera ot R, To ectb Haxomutces [’ (puc. 25), To

6x =0 +1-('/R) b

R

Puc. 25. ®parment audpakrorpaMMsl ¢ peHTTEHOBCKUM pediiekcom R
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Kpome yrmoBoro nmonoxenust o aAupakTorpaMme m3MepsieTcs WH-

TEHCUBHOCTB peduiekca [, . Uepe3 nunooOpasHyro JTMHUIO (POHA IPOBO-
JWATCSI CTIpaBa M clieBa OT peduiekca TUIaBHasl JIMHYS, X071 KOTOPOK HHTep-
noJMpyeTcst Ha ydactke moj| peduiekcom. [lo BepTHKamy u3mepsiercs
paccTosiHUE OT BEpXHEH TOUKH peduriekca no JuHuH ¢GoHa (CM. puc. 25),

YTO ONpEACTSeT OTHOCUTEIFHYI0 MHTCHCHUBHOCTE pediekca (/). Ecre-
CTBEHHO, Bce peduIeKChl Ha u(paKTorpaMMe JOJDKHBI I3MEPATHCS B OTH-
HaKoBBIX equHUIAX. OOBYHO 3TO MIJUTUMETpPBL. Hapsny ¢ usmepennem

¢ =29, u I, Bpaze CIydacB U3MEPAETCs NOTyIUpUHa pediexca (4, ),
paBHas IMMpHHE pediiekca Ha MOJIOBUHE €ro BEICOTHI (M. puc. 25). Kak
MIpaBHIIo, hopMa PeHTTEHOBCKOTO pedriekca Om3ka K popmMe TPEeyTroTbHHI-

Ka C MaJICHLKUM YIJIOM IIPU €ro Bepimne. Ecmu [, , usMepenue KoTopon
OIMCAHO BBIIIE, SBISETCS MaKCHMallbHOM MHTEHCHBHOCTBIO pediekca

({,), TO BEeIMYHHA

[, =1, (12)
OIIpeJIeIsIeT €r0 OTHOCUTEILHYIO HHTETPAITbHY IO HHTEHCHBHOCTh, KOTOPAst
paBHa IUIOIIAIH 1O peIeKCoM, OrpaHUYCHHBIM CHU3Y JMHUeH (oHa.
BparroBekuii yron peHTreHoBCKoro peduiekca (9, ) HyKeH 1Jis OIl-
pezieneHus MEKIIOCKOCTHOTO paccTosiHus (d /n) KpucTaorpadguyeckoi
miockocty (hkl), ot xotopoit momyyen peduexe. (hkl) — 3To kpucramo-
rpaduuecKre UHJIEKCHI TUIOCKOCTH, KOTOpbIE Beera Ieible unca. Mx oT-
HOIIICHHE PABHO OTHOLIICHUIO OOPATHBIX OTPE3KOB, OTCEKAEMBIX ITOH II0C-
KOCTBIO OT KOOPAMHATHBIX OCEH KPHUCTAIOrpagpuuecKOi CHCTEMBI
KoopaumHar (xyz), (puc. 26). Jlns onpenenenust skl Hamo HalTH abCOMHOT-
HbIE 3HAYECHUS OTPE3KOB X, ', Z . 3aTeM TpeOyeTcsl OTPEACUTh UX OTHOCH-
TEINbHBIC 3HAYCHHS B IIMHUIAX JIMHEWHBIX MMapaMeTPOB SUCHKH KpUCTAI-
ma (a,b,c), To ectb Haiitu //a,k/b,l/c . OTHOMEHNE >THX OOPATHBIX
OTPE3KOB, BEIPAXKEHHOE B IIEJIBIX YHCIIAX, ONPEICIISACT 3HAYCHHS KPHCTAJ-
JorpadIIeCKIX HHICKCOB

/@) (/B) " ey =(afx): (b)) i (/) =hik:l. (13)

Hamprmep, mtockocts (230) (unTaercsi: «1Ba, TPH, HOJIBY) OTCEKAET OT
OCH y ~OTPE3OK, PABHbIM aj2, or ocu y, —b/3 W uueT NApaLIENHLHO
ocH z, .
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Puc. 26. Onpenenenve hkl : h:l:k = (x/a)" :(y/b)" i (z)c)”!

BenuuuHe! pf] onpenensroTcs i TOro, 4ToObl MOXKHO ObLIO pac-
CUMTATh IAPaMETPHI TYCHKH KpUCTallla, KOTOpBIE B O0ILEM CiTydae CBsi3a-
Hbl ¢ d/n ¥ (hkl ) Tax Ha3bIBAEMOM KBaIPaTHUHOM (HOPMyYIIOii:

% cosy cosf 1 % cosf3 1 cosy %
h k /
ars L k L k
a4 1 cosa +bcosy A cosa +ccosy 1 A

1 % cosa 1 cosf3 % 1 cosfp cosd %

= (14)

(% )2 1 cosy cosP

cos Y 1 cos

cosP cosa 1

3neck O,B,Y — ymioBsle mapamerps! sueiixu; a,b,c¢ — nuHeiHbIe Mapa-
MeTphI suelikH, (/ik] ) — MHIEKCHI IIOCKOCTH, d/n — MEXKILIOCKOCTHOE
paccTosiHue.

[NapameTpsI pereTKy KpUCTalia HEOOXOMMBI JJIsl PEIICHUSI MHOTHAX
HAyYHO-TIPAKTHYECKUX 33124 MaTePUAIOBEICHHS, TAKUX, HAIIPUMED, KaK
OTPE/ICIICHNE THIIA M KOHIIEHTPAIIMK TBEPIBIX PACTBOPOB, MOCTPOCHUE
TPaHHUIL IPEACIbHON PaCTBOPUMOCTH Ha AuarpaMmax (pa3oBoro paBHOBE-
CHsI, M3yYEHHE TPOLIECCOB PACIaja IEePECHIEHHBIX TBEPIBIX PACTBOPOB,
OIpeIeICHHUE OCTATOUYHBIX YIIPYTUX HANPSLKSHUH, IJIOTHOCTH, TEPMHUYEC-
KX K03(D(DUITUEHTOB paCIIMPEHNS U JIp.
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MEeXIIIIOCKOCTHOE pacCTogHue

d(hkl) onpeensieTcst SKCIIepUMEH-
h

TabHO 110 hopmyie Bymsha-bparros:

d(hkl) _ A
h 2sind’
rae A — TabiIu4HOe 3HaYEHUE AIMHBI BOIHBI PEHTTCHOBCKOTO N3ITyYEHH,
orpeznesnseMoe BeLIeCTBOM aHTHKAaTOIa PeHTTEHOBCKOM TpyOKH, & —Opar-
roBckuii yroi (cm. (9)—(11)).
Huddepenuupys ypasHenue Bynwda-bparros (15) no d,8 u ),
TIOJTYYHM BBIP@KCHHUE JUTsS OTHOCUTENBHOM norpetsoctd Ad/d

&=ﬁ—ctgﬁ&9, (16)
d A
(3mech 3HaK muddepeHmana ; 3aMEHEH Ha A\ , YTOOBI H30€KATH 3aMKMCH
d(d)). AN/N — oTHOCHTEIIbHAS TIOTPEIIHOCT B ONMPEICICHAN [UTHHBI
BOJIHBI PEHTTEHOBCKOIO M3Ty4yeHHs; AY — aOCOIOTHAs MOrPEIHOCTh B
OIpEIETICHUN yIia TU(PaKIIH.

[Tpu BEIOpaHHOM M3TY4YEHHH MTOTPEITHOCTD B OTPE/ICIICHUH €T0 JTU-
HBI BOJIHBI MOXKHO HE YYUTHIBATH U TOT/A

(15)

Ad =—ctgdAS . 17)

W3 ypaBuenus (17) cienyer, 4to nipu UKCUPOBAHHOM 3HAYCHHUU 9
HOIPEIIHOCTh Ad/d TeM MEHbLIIE, YeM MEHbIE AP, a IPU OIHOM U TOH
K€ TIOrPEIIHOCTU A§ HOrpemHocTs Ad/d TeM MeHblle, YeM MEHbIIe
yTOM §, ¥ CTPEMHTCS K HYJIIO TIpH 9 —, 90° . OmHaKo pedieKchl, Jiexalme
oA yriaMu 3 > 85° , OKa3bIBAIOTCS IOCTATOYHO IIIMPOKUMH, YTO 3HAUUTEb-
HO CHIDKAET TOYHOCTh onpeeneHus yra & . [loaroMy mpetm3noHHoH (T.e.
TIO3BOJISTIOIIIEH TIOCTUYh ONPEIEIIEHHS IEPHOIOB PEIIETKH C BEICOKOH TOYHOC-

1610 0,01 % ~ 0,001 %) cunTaror 0ONacTh yioB 60° <9 < 85°.

Takum 00Opa3zoM, HaHOONBITIEH TOYHOCTH B OTPEICIICHUHN TIEPHOIOB
KPUCTAILTMYECKON PEIIETKH MOYKHO JIOOUTHCS 33 CUET CIISYFOIIMX IIPHEMOB:

) UCTIOJTb30BaHHMSI 3HAYCHHUH MEKIUIOCKOCTHBIX PACCTOSIHUIA, pacCcUH-
TaHHBIX 10 JINTHUSIM PEHTTEHOTPAMM, JISXKAIUM B MPEM3UOHHON 00J1acTH
YIJIOB 3

0) MpUMEHEHUSI COBEPIIICHHOMN SKCIIEPUMEHTATLHON TEXHUKU U Me-
TOJIOB ChEMKH 1 00pabOTKH PEHTTCHOT PAMM, IAFOIIIMX MUHUMAITBHYO OIITHO-
Ky AQ B ompenencHun yria 3 ;

B) HCIIOTB30BAHMS SKCTPAIONSIMHI K yry 3 =90°.

41



9.[IOI'PEIHHOCTU B OITPEAEJIEHNU YTJIOB JU®PAKIINI

Kak v ipy BesSIKMX M3MEPEHHSIX, TP H3MEPCHHH YITIOB 9 UMEIOT Mec-
TO CITyYaifHbIe IOTPENTHOCTH, KOTOPBIE MOXKHO YUECTh YCPETHEHHUEM, H CHC-
TEMaTHYECKHUE MOTPEIIHOCTHU, KOTOPhIE 00YCIIOBIICHBI, 3a4aCTYFO, HeN3BECT-
HBIMH IPHYUHAME U MOT'YT OBITh YUTEHBI, €CIIU STU IPUYHMHBI yCTAHOBJICHBL
CiryyaliHBIMU SIBJISFOTCS IIOTPEITHOCTH, CBSI3aHHBIE C OIPEJICIICHUEM MECTO-
TIOJIOYKEHHSI JINHHUIN Ha PEHTreHOrpaMMax, a CHCTEMaTHIEeCKUMH — 00y CITOB-
JICHHBIE TEOMETPIUCCKAMHI B (PIBHICCKAMH (PakTOpaMHu.

Cayuaiinbie nozpewinocmu. llpu peructpanuul TUGpaKIMOHHON
KapTHUHBI C TOMOIILIO JU(HPAKTOMETPA MOMKHO TOCTATOYHO TOYHO 3aIlH-
carhb Ha TMarpaMMme CaMOITUIITYIIEr0 TOTEHIIMOMETPA UITH TIOCTPOUTH KII0
TOYKaM» IPU IIATOBOM CKaHWPOBAHHU MPOQIIL AU(DPAKIIMOHHON JTU-
HUH U OTIPEICIUTB MO0 yron 8, , COOTBETCTBYIOIIHI MAKCUMYMY (-
PaKIMOHHOMN JIMHKHM, MO0 © ,, COOTBETCTBYIOLIMI €€ LICHTPY TAKECTH
(puc. 27).

Meron onpenenenus 6, OTHOCUTENLHO HMPOCT, HO OKa3hIBAETCSA
HETIPUEMJIEMBIM B CITy4ae aCHMMETPHYHBIX TU(DPAKIIMOHHBIX JINHUH U JTy0-
JeTHBIX K, — JMHUIA C YaCTUYHO paspelleHHbIM ay6aerom. Kpome Toro,
IPH U3MEPEHHsIX O OYCHB TPYAHO, @ YACTO U HEBO3MOXKHO yIECTh CHC-
TEeMaTHYECKUE MTOTPEITHOCTH.

a) J 9) J

e

YpoBens Vposens /) Ji (8)
QoHa QoHa | ‘ .
AN
I i il
20 26, 26max 26, 8 2, %, 28,

Puc. 27. K onpezenenuio nonoxenns Makcumyma 0, (a),
noyoKeHus eHTpa Tsukectn O, (6)

OTMEYEHHBIX HEJIOCTATKOB JIMILEH METOA onpenienenus O  (puc. 27,

0). OmHAKO ATOT METOJ SBJISIETCS 3HAYUTENBLHO 00JIee TPYIOEMKUM, U €T0
NPUMEHSIIOT, KOTIa TpeOyeTcsi HAaMOOITbIasi TOYHOCTh B ONPE/ICIICHUH Tie-
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pUoaoB KpI/ICTaJIJII/I‘{GCKOﬁ PCHICTKH. Ecmu pe(l)J'ICKC CUMMCTPUYICH, TO

max c "

Tak kak M3MepeHre MHTEHCUBHOCTEH BCeria IPU3BOJIUTCS C HEKOTO-
PO#i OrPENIHOCTHIO, TO C HEKOTOPO# MOTPENIHOCTHIO ONPEACIISIOTCS H T10-
JIOXKEHUS IICHTPOB TSHKECTH JU(PPAKIIMOHHBIX JINHUH.

Ciyyaiinas ommOKa B onpeiesiehii © , 110 1u(ppaKTorpaMmme CKIaIbl-
BaeTCS M3 OIMOOK B PACUETE M B U3MEPEHHUH IOJIOXKEHUS LICHTPA TSDKECTH:

A20, = A207° + 20"

Ommbka A20™ | B CBOIO Ouepe/b, CKIAIbIBACTCS U3 OLIMOKU
(A20,),,, obycnosineHHOi poHoM, 1 oumbku (A20,.), , 00ycnosieH-
HOW CTaTUCTUYECKUMH OIIMOKaMU B U3MEPEHUHM CYMMAapHOW MHTCHCHB-
HocTd. OCHOBHOM M3 9THX OLIMOOK SIBJISICTCS OIIMOKA, CBSI3aHHAs C HAJIM-
grieM oHa Ha U paKTOrpaMMe.

Jnst gocTikeHus: HaOONbIIIeH TOYHOCTH B OTPEJICTICHIN TIEPHOIOB
pelieTKH HeoOX0MMO HCTIOIB30BaTh 3HAYCHHS MEXKITIOCKOCTHBIX PACcCTO-
SIHU, PACCUUTAHHBIE 110 TU(PPAKIHOHHBIM JIMHUSIM, JISKAITHM B TIPEIIU-
3MOHHOW 00iacTv yrioB @. [lomyduTh Ty WM UHYIO JUGPaKIMOHHYIO
JIMHUIO B 3TOW OOJAaCTH YIVIOB MOXHO TPH MPABWILHOM BBIOOPE JITTHHBI
BOJIHBI PEHTT'€HOBCKOTO M3JTyYCHHUSI.

[pu pemenn KOHKPETHBIX MAaTEPHATIOBETISCKUX 3a]1a4 CIICTYET CIic-
IUATILHO MMPOAHAIM3UPOBAaTh, KAKOE U3ITyYCHUE HAJI0 MCIIONIL30BaTh, YTO-
OBl Ha PEHTIEHOIPaMMaXx HCCIEYeMbIX (ha3 MOIY4UTh XOTs Obl OIHY JIH-
HUIO B IIPEITM3HUOHHOM 0051acTy yioB 0 . [Tpr 3ToM HEOOXOMIMO YIUTHIBATH
CHHTOHHIO UCCIIEyeMOTO KPHCTAJIIA, TaK KaK OT 3TOTO 3aBUCHUT, CKOJIBKO
NIapPaMETPOB PENIETKH HY)KHO U3MEPUTB. ISt KyOMYECKUX KPHCTAILIOB, Y
KOTOpBIX @ =b =c, A ==y =90 , kBaaparuuHas GopMyIa 3anumeTcs
B BUzIE (cM. (14)):

L _ R HE (18)
(@/n) @

Jnst TeTparoHabHbEIX (a =b, A ==y =90°)

1 _ h* +k’ +£.
(d/n) a’ c?
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Jlns rekcaroHanbhbx (a =b, a = B=90°, Y=120°)

2, 12 2
1 4 +k+hk 1
PR 2 t— 20)
(d / n) 3 a c
Y TaK Jajiee IJIs OCTAIbHBIX CHHTOHM. TPUTOHAILHAS CHHIOHHS HMEET
JIBE YCTAHOBKH KOOPIMHATHBIX OCEH B KPUCTAILIOrPapUIECKOM CHCTEME:

R-ycranoBka a =b=¢, a ==y u H-ycraHoBka COOTBETCTBYET IEK-

CaroHaJbHOW CHHTOHHHM. MOHOKIMHHAS CHHIOHHUSI — aZb#c,

a=B=90 . Ksaaparnunas GpopmyJia Jyisi KPUCTAIIIOB TPHKIMHHON CHH-
TOHHH NpHBezeHa yciaoBreM (14), Tak Kak JJ1s1 KpHCTaJIOB 3TOW CUHIO-

HUM HUKAaKAX OTPaHUYCHUH HU HA JIMHEHHbIE, HU Ha YIJIOBBIC MapaMeT-
PHBI HE HaKJIaIbIBACTCS.

st KyOM4ecKux KpUCTaJIOB C MEPUOAOM KPHUCTAJUTUUECKOH pe-
IIETKU a

Ad/d =Daja=—-ctg® 5 A8, = £(6).

e ) AB, —cyMMa HHCTPyMEHTAIbHBIX CMEIIEHHH TU(PAKIIMOHHOMN JIH-
I

HHWHU, BIIMAIOINNX HAa TOYHOCTH U3MEPCHUSA ITOJIOKCHUA pe(bneKca.
Ecnu m3BeCTHO MEXILIOCKOCTHOE pacCToOsIHUE, COOTBETCTBYIOLICC

Mu(pPAKIIMOHHON JIMHUH, JIEXKAIIEH 0] HEKOTOPBIM YITIOM @, TO BEINYH-
Ha TIEpHOJIA PELICTKH dg = a[l +f (9)] .
IIpu ©,>60" ¢ JIOCTATOYHOM TOYHOCTBHIO MOKHO MPHHSTH, YTO

— 2 o o
f(8)=cos” 0 u cunrars, 4TO NEPHON a ABNIACTCS JTHHEHHOH QyHKIM-

el COS2 0. B Takom Cliydac CICAYCT OIPCACIUTDL IMOJIOKCHHUA LICHTPOB
TAXKECTH HCCKOJIBKHX Z[I/I(bpaKI_II/IOHHBIX HHHHﬁ, JICKAIUX I10[ yTilaMHu

0 > 60° ; I KKI0U U3 IMHAN HAJI0 PACCUUTATh 3HAYCHHUE (g, OTIIOKHTH

3T 3HAYEHNs B KOOPIUMHATAX dg = f(cos’ B) U POBECTH SKCTPANOAITH-
OHHYIO TpsiMyIO (puc. 28). [l mpoBeaeHUs 3TO NpsIMOK MOXKHO BOC-
TI0JIb30BaThCsl METOIOM HAaUMEHBIINX KBaIPaToB.
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0 >
cos’0

Puc. 28. Cxema rpaghuaeckoi SKCTPaIONISIY IIPY OIPEAeNICHAH IIEPHO/ia KpUCTAIITIIeC-
KOM PEIICTKH C UCTIONB30BaHMEM QYHKIMU g4 = f'(cos ’9)

INepeceuenne KCTPaANOIALMOHHOMN IPSMOU € OCBIO ag IpU B =90°,
08 0 = ONPEAEISACT 3HAICHUE @, -

Ecnu rieprost pelieTku OnpeiesstoT ¢ TouHOCThio 10 2 (107 HM, TO
HIONPABKOM Ha MPEIOMIICHHE TIPEHEOPEratoT; €CIIH XKe CydaiHast Oloka
M3MEPEHHI MEHBIIIE, TO TOCIIE TOT0, KaK MOCTPOSH AKCTPATIOJISILIHOHHBIN
rpauK 1 HalJCHO 3HAYECHUE a,,,., » K OTOH BEIHYMHE NPUOABIIOT
Aa,, , paccunteiBaemoe 110 hopmyiie:

Aa,, =4,4800°(\/a)’ S Z, 1)

rie  Z — cymMMa HOMEPOB BCEX aTOMOB, BXOISIIMX B SJICMCHTAPHYIO
SYEHKY KpHUCTAILIA.

H3meHenme TemnepaTypbl B TeUEHHE PEHTIEHOChEMKH 00pa3iia MpH-
BOJIUT (BCJIEACTBHE TEMIIEPATYPHOTO PACILIUPEHNS WU CKaTHsA) K U3MEHE-
HHIO IApaMeTPOB €ro djieMeHTapHoii sueiiku. Eciu Ad/d — otHocuTess-
Hasi IOIPELIHOCTD B ONIPEJIETIEHUH MEKIJIOCKOCTHOTO PACCTOSIHUS, KOTOPast
0XKH/IAETCs B Pe3yJIbTaTe U3MEPEHHS, TO O4E€BHIHA HEOOXOIUMOCTh COOMIIO-
JIEHUS YCIIOBUS:

o, AT <Ad/d, (22)

€ O, — TEPMUYECKHI KO3(QPUIMEHT IMHENHOTO PACIIUPEHHS MCCTIEY -
eMoro obpasiia; AT —HHTEpBa KojleOaHHi TEMITEpaTyphl B TeUEHHE Jr]-
PaKIMOHHOT'O 3KCIICPUMCHTA.
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EcrectBenHo, mpy nmpoBeieHNH KOHKPETHBIX HCCIIeIOBAaHII HE00XO0-
MO YUYHTBIBATh TPeOyeMyIO TOUHOCTh OIPEENICHNST MEKILTOCKOCTHBIX
PaCCTOsIHUI 1 TapaMeTPOB SUEHKH, 9TO TTO3BOJIUT HE YIUTHIBATD PSIIT (haK-
TOPOB, BIMSIOIINX Ha OMIMOKY n3Mepenus. Hanpumep, mpu (hazoBom aHa-
TIF3€ BHICOKAsI TOYHOCTD OTpeiesieHnsI OPITTOBCKHUX YITIOB HE HYXKHO (CM.
paznen «HexoTopsie BOIPOCH peHTTEHOBCKOTO (Da30BOTO aHAIIN3A).

10. OIIPEAEJIEHME ITAPAMETPA PEHIETKH KYBMYECKOI'O
KPUCTAJUIA

Panee y>xe roBOpus10Ch 0 TOM, UTO PEIIEHHE MHOTUX IPUKIIAIHBIX
Y Hay4HBIX 3a7a4 TpeOyeT NPOBEACHUS IIPEAEIbHO TOYHBIX H3MEPEHUI
MIEPUOJIOB DIIEMEHTAPHOM STYEHKH Pa3IMUHbIX BemecTB. Ero Bennunna
ABJISIETCS] BAKHON XapaKTePUCTUKONW KpHUCTalljla U 3aBUCHUT OT psizia ma-
paMeTpoB: TEMIepaTypbl, KOHIEHTPALWH IPUMECEN U HAPSHKEHNUH, BO3-
HUKAIOIIUX IpU yOpyroi nedopMaruy, a Takxke OT THUIIA U KOIUIeCTBa
nedexToB. M3Mepsist ¢ 60IbII0H TOUHOCTHIO EPUOBI PELIETKU MTPH MO-
CTOSIHHOM TeMIeparype, MO>KHO OIPEAEIUTh COJAEepPKaHUE PACTBOPEH-
HOT'O 3JIEMEHTa B TBEPJIOM PacTBOPE, CTPYKTYPHBIH THII, U3MEPUTH YII-
pyrue HanpsbkeHuss B MaTepuaie. ComocTaBisis MEpUOABI PEIIETKU
OJTHOTO M TOTO K€ BEIIEeCTBa, U3MEPEHHBIE IIPU Pa3HBIX TEMIIEpaTypax,
HaxoAAT KO3(PPHUITUEHTH TEPMHUECKOTO PACIIUPEHUS. DTO 0COOECHHO
Ba)KHO /17151 HONMMKPUCTAJUINIECKHUX BEIIECTB, PACHIMPEHNE KOTOPBIX 10
PasHBIM KpUCTAIOrpauueCKUM HaIIPABICHUSM Pa3IMYHO, a AUIaTO-
METpUYeCKHe U3MEPEHHsI Ha MOJUKPUCTAIUIAX AAIOT B 3THX CIydasx
HEKOTOpbIE YCPEAHEHHBIEC 3HaUeHUs! KO3 (GUIMEHTOB PacIIUPEHUs U
He MO3BOJIAIOT BBIIBUTH aHU30TPOIMIO ATOTO cBoicTBa. [lo mepuonam
PELIETKH KPUCTAIIIOB MOXKHO ONIPENEIINTh, HAIPUMED, PEXKUMBI 3aKaJl-
Ku (cM. 16.2). AHanu3upys n3MeHEeHHUs IEPHOJOB IIEPECHILICHHOTO TBEP-
JIOTO pacTBOpa IIPU €T0 PacIae, MOXKHO YCTAHOBUTH 3aKOHOMEPHOCTH
KMHETUKH 3TOT0 MPOIIecca, BBI3BIBAIOLIETO CYILIECTBEHHbIE N3MEHEHUS
CBOICTB CILIaBa.

[IpuBeneHHbIN qaneko He MOMHBIN epedyeHb 3a/1a4, KOTOPbIE MOKHO
pelaTh IMyTeM TOYHBIX M3MEPEHU NEPUOI0B PELIETKH, I0KA3bIBAET, Ha-
CKOJIBKO BayKHA 3Ta 00JIaCTh MPUKIIAJAHOTO PEHTTEHOCTPYKTYPHOTO aHaJIH-
3a. He ciy4aiiHo no3ToMy MeTOAMKE NPULIU3MOHHOIO ONIPEIENICHUS IEPH-
0710B yAEISeTCsI OONBIIOE BHUMAHHUE.
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B ocHOBe MeTOI0B MHIIMIIUPOBAHUS KPUCTAILIOB JTF000H CHHTOHUH
NeXAT KBaAparuaaas hopmyna (14). V3 3Toro ycioBHs CIEAyeET, 9To 3a1a-
Ya, CBSI3aHHAsI C WHUIIUPOBAHUEM, TO €CTh C ONpPEIeICHHEM KPUCTAILIO-
rpaduuecKuX MHACKCOB pe(IIeKCOB, BCEIa MaTeMaTHIECKH HEKOPPEKT-

Ha. ISl TPUKIMHHBIX KPUCTAILIOB (@, b, ¢, 0,3,y — IPOU3BOJIBbHBIE) IIPU
HAMYUM N pedIIeKCOB Ha PEHTTCHOTPpaMME YHCIIO HEU3BECTHBIX PaBHO

3N +6 . Jaxe ns npocreiiiero ciedast (KyOM4ecKre KpUcTasllbl) YHCIIO
ypaBHEHHIA, paBHOE YHCITy pe(eKcoB, BCEria MEHbIIE YHClia HEU3BECT-

HbIX. Ecin pedriekcoB N, TO €CTh YUCIO YpaBHEHUI TakkKe paBHO N ,

4YKCII0 Hen3BeCTHBIX (cM. (18)) paBHO 3N +1.

Pemienue 3agaun 1 KyOM4ECKIX KPUCTAILUIOB OOJIETYAETCsI TEM, UTO,
BO-TIEPBBIX, A,k,/ — Bcerja memnble 4rcia, a BO-BTOPBIX, ONPEICIUB
h* +k* +1? = H , MoxHO HaiiTH A, k,| 1iepe6opoM, 4To HO3BOJIUT OMpe-
nenuth Gopmy { jif/ } Wi HaOOp MHIIEKCOB TUIOCKOCTEH ¢ OIMHAKOBBIM
MEXKIIOCKOCTHBIM paccTosiHueM. WTak, KBajpaTniHyo Gopmyiny KyOu-
YECKOTO KpPHUCTaJIa MOKHO 3amucarh B Buze (cMm. (18)):

1 _H , (23)

d?(nkl) @

e H =h>+k>+[%.

U3 dopmynsl (23) ciemyer, 4To OTHOIICHHE OOpPATHBIX KBAparoB
MEKIUIOCKOCTHBIX PACCTOSIHUI PAaBHO OTHOIIICHHUIO CyMMbI KBaJIpaToOB WH-
JIEKCOB IIocKocTel ( ikl ), TO ecTh

I 1 1 1
d_z:d_z:d_z:m:d_z_Hl:Hz:H3:m:HN' (24)
1 2 3 N
CienoBarenbHO, I ONPEAC/ICHUS HHICKCOB HEOOXOIUMO HANTH
1
d? (hkl) 3
TOB MCKIUIOCKOCTHBIX PACCTOAHUN HA10 BbIPa3UTh YCPE3 OTHOUICHNUE HAN-

1 3aTEM OTHOIICHUCEC ITOCICA0OBATCIIbHOCTH O6paTHbIX KBaJpa-

MEHBIINX HeNbIX ynucen H . 3HadeHust H TO3BOJAIOT Hattu hkl . [lpu-
Mep pacuera peHTTEeHOTPaMMbl KyOMUYECKOrO KpHCTalia MPUBEICH B
Tabmume 1.
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Pacyer peHTreHOrpaMMbl KyOUYECKOTO KPHCTAJLIAa MEJIH
(uzmyuenne Cu K, — dunsrpoBanHoe)

N o ; H (hd 1 1o - .
28 0 ! a4 |Da, A

d/n,;l

(d/n)?

1 43,33 | 21,66 | 2,087 10,2296 | 3 | 111 |209 |L,5 |3,615 }0,0015
50,42 |25,21| 1,808 |0,3059 | 4 |[200 |112 (1,4 |3,616 0,0025
74,17 37,08 | 1,277 |0,6132 | 8 |[220 |42 (1,0 |3,612 |0,0015
90,00 |45,00| 1,089 (10,8432 | 11 | 311 (71 (0,9 |3,612 |0,0015
95,17 | 47,58 | 1,043 10,9192 | 12 | 222 |26 (0,7 |3,613 |0,0005
117,0 |58,54| 0,9032 | 1,226 | 16 | 200 (34 (0,2 {3,613 |0,0005

N | K| W N

7 136,5 |68,25| 0,8293 | 1,454 |19 | 331 |24 (1,3 |3,614 [-0,0005

8 144,7 72,37 0,8081 | 1,531 |20 | 420 |25 (2,0 (3,613 |0,0005

OTHoIIeHne L MO>KHO 3aMEHHUTH OTHOIICHHEM sin > 3 , HO OOBIYHO

d 2
1 N
6epyT HMMCHHO — TaK Kak 0e3 3HaHMA MEKIIIOCKOCTHBIX PacCTOAHNHA HC-
d

BO3MOYKHO HAWTH ITApaMeTp sTIEHKH ¢ , JaKe IPH M3BECTHBIX MHIEKCAX (hkl)-

11. OIIPEJIEJIEHUE SSYEVIKU BPABD KPUCTAJIUIA ITO ETO
TTIOPOILIKOBOW JIU®PAKTOI' PAMME

CrpykrypHas amiomtyna pediekca ot miockoctd (hkl) — F (hkl ) ,
OIIpeNeIISIFoNIast aMILTUTYILy PEHTTEHOBCKOTO JIyda, PACCESIHHOTO Ha SYeH-
K€ B HAIPaBIICHUH, OITPEACIIEMOM BEKTOPOM OOPaTHOM penieTky S, pac-
CUUTBIBACTCS 1O (hopMyIIe:

F(nki)= % f; exp 2Tri(hxj +hy, +1z j), (25)

J=1
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rac fj — 9TO BCJIHWYHHA, 3aBUCAIIAasA OT BCKTOpa S, TO ecTb

sin 9

f=f EQ—H U €¢ 3HAYCHUE MPUBOIHUTCS B CICIMATBHBIX TAOIHIAX.
oA C

Cren0oBareibHO, MHTEHCUBHOCTD peduiekca [ (hkl ), paBHast

1(nkt)=|F* LG X (26)

(PLG — «mmmxe-paktop», K — COBOKYymHOCTH psina, HHOTIAA TPYIHO
YKa3bIBaeMbIX (PaKTOPOB) 3aBHCUT OT COCTaBa, CTPYKTYpPbI KPHCTaUIa U
HAaITpaBJICHUS PACCESHHOTO JTy4a.

B kpucrae cymecTByoT KpicTamiorpadrdeckie INOCKOCTH C pa3-
TMYHBIMA HHAEKcamu. OTHAKO, B 3aBUCHMOCTH OT THIIA STYeiKH bpasa, ot
TUIOCKOCTEH C ONPE/ICTICHHBIMH UHJICKCAMH MOTYYHUTh PE(IICKC HEBO3MOXK-
HO, TaK KaK BOJIHBI, PACCESIHHBIE Ha COCEIHUX TUIOCKOCTAX, BCETIa UMECIOT
pa3HocTH (a3, paBHbIe TT. PaccMoTpuM B KauecTBe npuMepa stueiiku 1, F
u C tuna (puc. 29).

Puc. 29. fueiixu bpaBa: @ — 00bEMHO IEHTPHPOBAHHAs; 6 — TPAHELIEHTPHUPOBAHHAS;
6 — 0a30IeHTPHPOBAHHAS; 2 — IPUMUTHBHAS

B [-staeiike, (W B 0OLEMHOIICHTPUPOBAHHOM STICHKE), N300paKeH-
HOM Ha puc. 29 a, ssuelike MPUHAIISKAT 1Ba y371a pemeTkH. KoopauHarer

JTHUX Y3JIOB, Ha3bIBaeMbIe Oa3ucoM siueiiku bpara, cinemyroriue: 000, 253"

TO 03HAYAET, YTO MPU HAITMYKMHU B CTPYKTYpE aToMa j-TOTO COPTa C KOOp-

JTITHATAME (Xyz)j 00s3aTeIbHO OyZEeT aToM TOTO JK€ COpTa B a0COIIOTHO
TaKOM ke KPUCTAIUIOXUMUYECKON MO3UIIMH, KaK U TIEPBBIN, HO €10 KOOp-
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JIUHATHI OyIyT paBHBI ij +15@f/j +lBEzj +1El CyMMmupoBaHuE B
g 27] 200 2C

tdopmyne (25) cnenyer mpoBOAUTH MO MapaM TOXKICCTBEHHBIX aTOMOB, TO
ecTb 1y I- smefncu CTPYKTYpHAsI aMIUTUTY/a IPUMET BUJI;

F(hkt)= z 5 1 fexp 2milr, +hy, + 2k, )+ exp2mfily, +1/2)+

& +k(,vj +1/2)+I(Zj +1/2))]}’

W

F(rkt) =+ em6=0] 0y 1, exp2mip, +hy, +Iz,)- @7
=1

Tak xak A, k,l — 1enble yKcia, TO

a(eks) _ 01 npu(h+k+1=2n) E
e s
npu mroGoM 1esoM n. -1 mpu(h+k+1=2n+1)7
JpyruMu cI0BaMH, [JI KPHCTAIUIOB /-THIIa CTPYKTYpHAs aMIUTUTYA
MMeeT BUJ

PA
F(pkt)=23 f;exp2mli, +ky, + 2, (8)

MPUYEM CyMMHUPOBAHHE TIPOBOUTCS TOJIBKO 110 TEM aTOMaM, KOTOPhIE HEe
CBSI3aHBI APYT C APYroM 0a3uCOM SIUCHKH U F (hkl ) # (0 TONBKO TPH YeT-
HOW CyMME€ UHIIEKCOB: h+k+[=2n.Ecmu h+k+]=2n+1, TO UHTEH-
CHBHOCTH TaKUX pe(prIekCoB paBHBI HYIIIO, TIOTOMY ITOCIIETHEE YTBEPIKIe-
HHUE Ha3bIBAETCA MPABUIIOM MOTacaHus JUIs KPUCTAIIOB C siueiikoid bpasa
I-tuna.

bazucoM rpaHereHTpUPOBaHHON s9eiku (F-THIT) SIBISICTCS COBO-
KyITHOCTh TOMOJIOTHYHBIX (PaBHO3HAYHBIX, KPUCTAJUIOXUMHYCSCKU TOXK-

1
JICCTBEHHBIX) y3J10B ¢ koopauHaramu: (000), B— OBB—O HB)
g : 22 O 200 22C

(puc. 29). CrienoBarensHO, CTPYKTypHAs aMHJII/ITyI[a Jutst F-sraeiikn (cm.
(25)) mpumer Bu:
/4
F(ukt) = 140 4 om0 4 M6 OS 1 eyl +hy, +12,) (29)
7=

I7IC j — MHJCKCHI, HE CBSI3aHHBIC 0a3MCOM STYCHKH F-THIA aTOMOB B sUciike
KpHUcTaJlia.
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Eciu yetHOCTH MHIOEKCOB A,k,/ OnMHAKOBA, TO €CTh BCE OHU JIMOO
YETHBIE, TM00 HEYETHEIE, TO

N/4

F(nkt)='5 f, exp2mi{nx, +ky, +1z, ) (30)
=

[TpaBuiio noracanus st KpUCTAILIOB ¢ F-gaueiikamu bpags cienyro-
me: peuIeKcs OT MIIOCKOCTEH ¢ MHIEKCAMHU CMEITaHHON YeTHOCTH UMe-
0T HYJIEBYIO HHTEHCUBHOCTb, TO €CTh HA PEHTTEHOTPAMME OTCYTCTBYIOT.

Kpucramne ¢ stueiikoii C-tuna (6a301eHTPUPOBAHHBIE) XapaKTEPH-

3ytotcs 6azucom: (000), Bl_ 1 0 H(pnc. 29, ¢), To ecTh hopMyIa 1St CTPYK-
@2 C

TYPHOU aMIUTUTYBI UMEET BH/I;

F(ukt) =]+ 0]y 1 exp2mip, +hy, +Iz, ) @D
ja

CrenoBatenbHO, Ha MHIEKC | HUKAKUX OIPAHUYEHUHI HE HAKIIA/IbI-
BAaeTCs, a CyMMa }; + f; MOXKET OBITh TOJBKO YETHOM.

Ecmu paccmarpuBaetes siaeiika KpucTaia ¢ aIMa3oroa00HOM CTPYK-
TYpOIA, TO pacueT CTPYKTypHON aMILTUTY/IbI BEACTCS [0 AaHATOTUYHOM cxe-
Me. ba3uc Takoil SYEKN UMEET BUIL:

oo0y. B-LoEo 1B L1 110131001300 33
( )’EQZ O 200 220440 440044400440
Ha npaBmito moracanmst F-sreWKH HAJIOXKATCS TIOTacaHwsl, 00YCIIOBJICHHEIC
y371aMU, HEHTPUPYIOIIMMU YETBIPE U3 «OCBMYLIECK), TOMIAPHO CBA3AHHBIX
TENECHBIMU JUArOHAJIMU STUECHKU KpUCTaILIA.
Ha urnexce! pedirekcoB KpucTaswios ¢ siaetikoi P-tuma (6asuc (000))
HUKAKUX OFpaHUYECHUI HE HAKJIa(bIBACTCSL.
Ha puc. 30 mpuBeieHBI MITPUX-AHATPAMMBI, HILTIOCTPHPYFOIIINE ITpa-
BHJIA [TOTACAHUU ISl KPUCTAIUIOB C PA3JIMUHBIMU sSYeliKaMu. Tak Kak 3TH
[IPAaBUJIA ONPEACIISIFOTCS TONBKO SYEUKOM KpUCTAJIAa U HE 3aBUCAT OT €r0
CHUHT'OHUH, TO PACCTOSHUE MEXTy TMHUAMU 3aBUCHUT OT MapaMEeTPOB sUCH-
KU 1 Ha Auarpammax puc. 30 He uMeeT peabHbIX COOTHOIIeHHH. Ha aTom
PHUCYHKE, Hapsny ¢ Kpucramiamu P-, I-, F-suelikamu bpasa, npuseneHa
cXeMa MocyeI0BaTeIbHOCTH Pe(PIeKCOB Ha PEHTICHOTPaMMe B KPUCTAILIS
¢ anmaszornono0Ho# (puc. 30, 5) ¥ ¢ TeKcaroHaJIbHOM TIOTHOYITAKOBAaHHOW
(I'TLY) crpykrypamu. OOpaTtute BHUMaHUE Ha TO, YTO, €CIIU B I-siuelike
(dhopma, Hanpumep, {211} BKITFOYaeT Bce TWIOCKOCTH € TIEPECTAHOBKOM MH-
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JCKCOB | 3HaKoB, To B C-sueiike (211) u (112) cooTBeTCTBYET paBHBIM
thopmam. Pedekc (211) racHert, Tak kak 2+1=3 (HE4ETHOE YHCII0), a ped-
nekc (112) mposiBuTCSs HA UG paKTOrpaMMe.

WnauimpoBanye KPUCTAUIOB APYTUX CUHIOHUH 3HAYUTEIBHO TPY.I-
Hee, TaK KaK y CPeJHUX CHHTOHHH IS ONMCAaHMs SUYEHKU HaJo 3HATh HE

H hkt
1 4100 ; 004
2 110 440
Wkl
3 1” 70.0
y 200 204 ' og.f
5 210 12 10
6 211 102
3 220
g 304/221 . 0
10 310 221,003 10,3
1 311 200
2 222 20,1
13 320 ‘ 203 00.4
14 321 312 20.2
' 10y
16 Yoo
7 410, 32% 223 203
/ I3
v b 21.0
19 331 21
20 4o 1.4
1 2 3 4 A5 6

Puc. 30. HITpux-n1uarpaMMel peHTT€HOIpaMM c stueiikamu bpass pa3nuyHbIX TUNOB: 1 —
P-sueiika; 2 — [-stueiika; 3 — F-stueiika; 4 — aniMasornoqo0Has ToueuHast rpynna Fddd; S —

C-sueiika; 6 — P-sueiika ['TIY cTpyktypsl, H =h* +k* +1*
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OJIMH, KaK y KyOM4ECKHX KPHCTAJLIOB, a [Ba apaMeTpa. JT0 yCIOKHAET U
KBaIPATUYHYI0 (HOPMYITy U METOIBI MHIMIIMPOBAHHKS. Y KPUCTAIIOB HU3-
IIMX CHHTOHUI KOJIMYECTBO HEM3BECTHBIX [IAPAMETPOB BO3PACTAET: Y POM-
OMYEeCKUX KPHCTAUIOB TPU HEM3BECTHBIX mapamerpa (a,b,c), y MOHO-
KIMHHBIX — YeThpe (a,D,¢,Y), y TPUKIMHHBIX — BCE LIECTH IAPAMETPOB
(a,b,c,0,[,Y) Hy)maoTcs B pacdyeTe, TaK KaK OHH MOTYT NPMHUAMAThH
HE3aBHCUMBbIE JIPYT OT JAPYTa 3HAYECHHMS.

12. OIIPEJIEJIEHUE CTPYKTYPhI KPUCTAJIJIOB METOZIOM
®YPHE HA OCHOBE PEHTI'EHJIU®PAKTOMETPUYECKHX
WVCCJIEJIOBAHUI

CTpyKTypHas aMIUIUTYIa MOKET OBITh IPE/ICTaBIICHA IByMsl (popMa-
MH 3amucy (cM. Gopmyist (25) — (31)):

F(hkI)=S f, exp2Tuhx + ky + I2); (32)

xyz

F(hkl) = Ip(xyz) exp 26 (hx + ky + I2)dV -

06e 511 hopmyItbl 0Tpa>1<a}oT OJIMHAKOBBIH (PU3MUCCKHUI CMBICIT, HO
YUHUTBIBAIOT PA3IMYIHBIN TOXO0]] K PACCEHUBAIOIINM IieHTpaM. [Tepsas ¢op-
MyJia B KaQUECTBE SAMHIYHBIX PACCCHUBAIOIINX IIEHTPOB PACCMATPUBACT aTO-
MBI, PaCTONIOKEHHBIE AUCKPETHO, T.€. B CTPOTO OMPEACICHHBIX TOUKaX C
KOOpJMHATAMH X, ), z . BTOpas (opMyrna npeanonaract B Ka4eCTBE S/Iu-
HUYHBIX PACCEHMBAIOIINX IEHTPOB TOUKU C DJCKTPOHHOH MIOTHOCTHIO
P(xyz) , KOTOpBIE 00Pa3yIOT KOHTHHYYM, TO €CTh P(X)Z) — HelpepbIBHAS
(YHKIHSI, IMEIOII[ast TPEXMEPHYIO TIEPUOANYHOCTD C MEPHOAOM d, b, ¢ u
BO BCeX TouKax qupepeHiumpyema mno KOOpauHaram X, y, z

Jlnst wumroctparuu Metosia Oyphe, MIUPOKO HCTIOh3yEeMOTO IS UC-
CIIEIOBAHUS CTPYKTYP KPHUCTAUIOB, PACCMOTPUM OTHOMEPHBIHN ClTydai,
KOTJIa SJICKTPOHHAS ITOTHOCTh M3MEHSCTCSI TONBKO BJIOJIb OTHOTO HAIPAB-

aenus P(X) . 3amuch X (MKC OOJIBIIOE) O3HAYACT, YTO B3sITa A0COTIOTHAS
KOOpZIMHATA BJOJb peOpa a EMEHTApHOH sSYEHKHU.

Urak, p(X) ¢yHkiuus HenpepbiBHa, quddepeHimpyeMa u nepuo-
JINYHA, CIIE0BATENBHO, €€ MOKHO Pa3JIOKHTh B st Dypse.

D(X)= 3 A, cos2m™+ ¥ B, sin2m>- (33)

n=-—co a n=-oo a
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HpI/I‘-ICM, KaK 3TO IMTOKa3aHO B COOTBCTCTBYIOIIEM PA3CiIC MaTCMaTu-
YCCKOI'o aHaJim3a.

4, = [p(X)cos2m - ax (34)
ay a

B, = lJ’p(X) sin 2Tm£dX
ay a

psn (33) MOXKHO IPEACTaBUTH B HECKOJIBbKO MHOM (popme. Benem 0603Ha-

YCHMSL:
Cn = V A: + Br? ?
B
b =50 (35)
Orcrona BeITEKaeT g0 A,
A,=C, cost,,
B?‘l = C}’l Sin ¢}’l ) (36)
Cilre10BaTeIIbHO,
X . X X
A, cos2Th—+ B, sin2th— =C, COSBZTW——CIJ,,B @37
a a g a C
u ¢opmyna (33) npuMeT BUA:
p(X)= C, cos%mi—cb,,@ (38)
% a
Bocnonesyemcs ¢popmysoii Jitnepa
ei(} + e—ia
cosg = ——-
2

Paccmotpm (37)

X,
C, cosBZT[n£ - q)EI:lCn %Zﬂma b | pm2mie0,, F:
g a O 2 B

K, lEexp2Trin£ +exp— 2TU'n£H,
20 a a [

]
e K, =C, (expid, +exp—id,)-
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3amMeTHM, 4TO K,=K_,C,=C,. YUuTHIBas 3TO, MOTYUIHIM:

® X
X)=K BZ —H

p(x) 2 K explizm L
K,=C,e® =C, (cos(l)n +isin ¢,,)=A,, +iB, (39)

K., =A, -iB,.

YunreBas popmyiy (34), 3armrmreM:

K= —J’p(X)e adX . (40)
as
[lepetinem ot aOCOMOTHON KOOpIUHATEI X K OTHOCHTEIBHOU X .

X
x="—, dX =adx w 3aMeHuM n Ha h. Ilpenensl uHTErpUpOBaHUS B

a
aTOM cirydae cranyT 0 u 1:

K, =[p(x)exp 2TGhxdx .

0
Tpexmeprast GyHKIHsA P(X)Z) TOKE MOKET OBITH PA3NIOKEHA B PSII,
aHAJTOTUYHBIN psmy (33).

DY) =F S T Ky exp 2M(hx +ky +1z) 1)
h k 1

XYZ — OTHOCHTEIIbHBIE KOOPJIMHATHI aTOMOB;
hkl —TeINbIe Ynclia, IpUIeM, COTIIaCHO BhIpakeHHIO (40)

11
Ky = [ [ [P(xyz) exp 2TU(/x + ky +Iz)dxdydz » (42)

nim 000
Ky = [P(xyz) exp 2Ti(hx + ky +[z)dV -

Vi
CpasruBas popmyiel (42) u (32), yoexnaemes, uto K, = F,, .
Wrak, noixyyeHa B3aMMOCBS3b MEXIY [ (hkl ) up xyz)h

111

F(hkl) = I[] P(xyz)exp 21U(hx + ky + [z)dxdydz , (43)
0070

POz) =S S S F(hkl) exp 2Tu(hx +ky +1z) (44)
h k1
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B dopmyne (34) hkl m3amensiercs ot — o 10 + oo . CBI3aHHBIE TAKHM 00pa-
30M (pyHKIIMHM Ha3eIBaroTCs TparchopmanTamu Oypbe. Ecii n3BectHa (op-
mysta st pacuera F(hkl) , o hopmyta muist pacdera P(xyz) momydaercs
ee Oypre-TparchopMupoBaHUEM, T.€. HA/IO0 IIOMEHSTh 3HaK CYMMBbI Ha WH-
Terpai (Wi Hao0opoT).

Hcnons3yst psin (44), MOXKHO TIO0 DKCTIEPUMEHTAIBHBIM 3HAYCHHSIM
F(hkl) paccunTath MEKTPOHHYIO IUIOTHOCTD B JIOOOH TOYKE, a MaKCHU-
MaJIbHOE 3HAUYCHHUE NEKTPOHHOH IJIOTHOCTH COOTBETCTBYET KOOPIUHATE
aroma.

B nipuHImIie MOXXHO ONpeNIeNTUTh HE TONBKO KOOP/MHATHI aT0Ma, HO
Y UX TIOPSZIKOBBI HOMED, TaK KaK BBICOTa MAKCUMYMa JJIEKTPOHHOM ILI0T-
HOCTH 3aBHCHUT OT YHCJIa DJIEKTPOHOB B aTOME.

WTak, 11t HaXOXKISHMSI IEKTPOHHOM TUIOTHOCTH HEOOXOIMMO HCTIONb-
30Barh (opMyITy (44), KOTOPYIO MOYKHO 3aIHCaTh B HECKOJIBLKO HHBIX (hopMax:

P(02) =S S S Ficos2ix +hy +12)+ S S S Fysin2m(hx +ky +12) » (45)
h k1 h k[

p(xyz)= S35 F(nkt)| cos[2m{x + ky + Iz) - a(hkl)] , (46)

F, Fy,|F | — JIEHCTBUTENbHAS, MHIMAsl YaCTH M MOIYJIb CTPYKTYPHOM
aMIUIUTY/Ibl COOTBETCTBEHHO, O — (ha3a CTPYKTYPHOM aMILIUTYIBL.

Kaxnpiit unen psiga ((44) — (46)) npencraBisier coOOH rapMOHUYE-
CKYIO BOJIHY, U TIO CMBICITY, ¥ [TO Pa3MEPHOCTH COOTBETCTBYIOIIYIO JJIEKT-
POHHOH TJIOTHOCTH.

PacemotpHM oo M3 crtaraeMbix pata | F (ki ) cos[2m(hx + ky +1z) - a(hkt)],
KOTOPOE CTPOT0 COOTBETCTBYET ONPEIEICHHON KPUCTAIOrpadHuecKoit
wiockoctu (hkl). Ilpudem, ecmu hx + ki + [z = const, TO IEKTPOHHAS
IUIOTHOCTh MMEET OJTHO M TO e 3HAYCHHE.

CrienoBaTelbHO, KOXKI0E ClaraeMoe B paBoi yacTu psijios ((44) —
(46)) nEHCTBUTEIILHO OMKMCHIBACT BOJIHY AJICKTPOHHOM IUIOTHOCTH BJIOJIb
HaIpaBIICHUs, TIEPIICHIUKYISIPHOTO IUIockocTH (hkl) . I3BecTHO, 4TO

hx +kl+1z :rDr,

e Y — BEKTOp 00paTHOM PEIICTKH; ;» — BEKTOP KPUCTAILTHIECKOTO MPO-
CTpaHCTRA.

1
Tak xkak ' = 7,;;), TO IEPUOA ICKTPOHHOW BOJHBI PaBeH

d(hkl)
d(hkl) .

56



3Has F(hkl) , MOXHO ONIpeAENuTs O B 1000 TOUKE C KOOpANUHATA-
MU (xyz) . i1t onpeneneHus oNoxKeHNs aToMa HE0OXO0IMMO HAWTH TOUKY
M (xyz) ,rne p,, UMeeT MaKCHMaJIbHOE 3HaYeHue. [l onpeieneHus Ko-
OpZIMHAT aTOMOB IIPHIEP)KUBAIOTCA BECbMa MPOCTHIX MIPABUJI, KOTOPHIE
MOXKHO IIPOMJIIFOCTPUPOBATH Ha IpHMepe AByMepHoro Oypre-psija:

plev)=3 3 F(k)exp 2(ix + ky)- @

[lycth u3 skcniepumenta ' u (hk) wsBectHbl. Hano B3sTH JUCT
OyMmaru v B ONpeeieHHOM MacIuTade H300pa3uTh NapajuienorpaMm, COoT-
BETCTBYIOIINH 3JIeMEHTapHOU (TUTOCKOM) srueiike. Kaxkmas ctopoHa saei-
KU JICATCS Ha /1 PaBHBIX YacTel M Yepe3 TOUKU AETEHUS (71) IPOBOIITCS
TpsIMBIE, TIapaJlIeTbHbIe CTOPOHAM ITapasuiesorpamMma. YacTi Kax IbIX CTO-
POH HEOAWHAKOBHI 110 a0COMIOTHOM BEIMYHHE, HO X OTHOCHTEIIHHBIE Be-
JIMYKMHBI paBHBL TIpoBe/Is Takoe pas/iesieHUe MOTyYuM 71° TOdeK, KOOP/IH-
HaThI KOTOPBIX CTPOTO W3BECTHBL. VIMEHHO TS 3THX TOYEK M MPOBOIUTCS
pacuer 3MeKTpOHHO# m1oTHOCTH. [Ipr BBIOOpE uncia 77 HeoOOX0AUMO KaxkK-
JIBIA pa3 KCXOUTh U3 yUeTa JIMHEHHBIX Pa3MepPOB paCCMaTpPUBACMOM sSTUeH-
ku. Ecii n Mano, To MO’KHO POIYCTUTH (IIPOCMOTPETH) aTOM, €CJIH KE 71
CIIMILIKOM BEJIMKO, TO yBEIWYMBAETCs 00beM pacueTHor pabotsl. Eciw,
HaIpuMep, Ha PEeHTTeHOTrpaMMe ecTh p pediekcoB, a n=60, To Halo CyM-
MupoBaTh 3600 psa0B 10 p cnaraeMbIx B kKaxaoM. Eciu sxe n=100, To yxe
Hag0 cymmupoBats 10000 psiToB.

PaccunTa P(xy) mo BCeM TOYKaM, MPSIMO Ha JIKCTE OyMard Ipo-
CTaBIISIOT YMCIICHHBIE 3HAYeHUS 3TOH (QyHKINH. OIMHAKOBBIC 3HAYCHUS
0 COenUHSIIOT TMHUEN, Ha3bIBAEMOM N30JIMHUEHN JIEKTPOHHOM IIOTHOC-
Tu. [losiBnsieTcst kak ObI Tonorpaduyeckast KapTa KpUCTalIa, TOIEKO BMe-
CTO BBICOTHI HaJl YPOBHEM MOPSI CTOUT 3HAYCHHE MIEKTPOHHOM TIOTHOC-

Puc. 31. Kapra s1eKTpoHHOH IIOTHOCTH (Ha IPUMEPE CITIOBI-MYCKOBUTA)
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tu. Ha puc. 31 gan npumep Takoi KapThl SIEKTPOHHOM IJIOTHOCTU KPH-
CTaJlIa CITIOIIBL.

CTaHOBHUTCS MOHATHO, TIOYEMY CTPYKTYPHAsI aMIUTUTY/Ia MOXKET ObITh
n3MepeHa Jo0bIME equHUIaMi. [[por3BOIEHOCTD BEIOOpA €AWHUIIBI H3-
MEpEHHUs CKaXKeTCsl Ha 3Ha4eHH! P(X)) , HO HE Ha MOJOKEHUU MAaKCUMyMa
atoii ¢yHKImu. [locTpoeHune TpexXMepHOH JIEKTPOHHON TIOTHOCTH J0-
BOJIBHO TPYZIOeMKO. Takyto CTpyKTypy Helb3s1 i300pa3uTh Ha JByXMEPHOM
yeprexke. [[03ToMy B CTPYKTYPHOM aHAITU3e OOJBIIOE IPUMEHEHUE HAX0-
JISIT pa3IMYHbIC CCUCHUSI U TIPOEKIIUU DJICKTPOHHON TUNIOTHOCTH.

[penmnonoxkum, 4to TpeOyeTcss HAWTH CEYCHUE IECKTPOHHOH TUIOT-
HOCTH IJIOCKOCTBIO, MapaJlyIeIbHON KOOPUHATHOM IIIOCKOCTH Xy, IPOXO-
Jsiiieii Ha BbicoTe z . Crie1oBarebHO, He0OXOMMO HalTH

p(xyz') = 33 3 F kD exp2miChy +ky + 12, (48)

F(hkl) n3BecTHBI, z' (uxcupoBaHo. B pany (48) Beaensiercs ciaraemoe
g(hk) , He 3aBucsILEe OT z'

g(hk) =S F(hkl)exp2Tulz', (49)
l
a 3aTEM paCCUYUTHIBACTCSA
plxyz) = 2 > g(hkc)exp 2mu(he +ky) . (50)

Paznenus siueliky 1o ocu z Ha 1 9acTel, MOYKHO pacCUUTATH /1 TUNTOCKUX
CCUCHMHI, a 3aTeM TEPEUTH K aHAIIM3Y JIEKTPOHHOM IUIOTHOCTH B 00beMe
aNEeMEHTapHOU stueiiky. CeueHus IIOCKOCTSMH, MapayieIbHBIMU IPyTHM
KOOPIMHATHBIM TUTOCKOCTSIM, CTPOSITCS aHAJIOTFTIHBIM 00Pa3oM.

MOXHO OTIpesIeNTUTh CEYEHUE IEKTPOHHOM IIOTHOCTH MPOU3BOITH-
HOM TJIOCKOCTHIO P, KOTOpast onmuchIBaeTCs ypaBHEHUEM:

z=Mx+Ny+Q. (51)
Torna P(XYz) B 9TOM MIOCKOCTH pacCUMTBIBAETCS 110 (hOpMyIIE:

POz), =5 S S F(hkl)exp2Tulhx +ky +(Mx + Ny + Q)] . (52)
h k1

JIunelHble ceueHust ONIPEAEIIAIOT PACTIPEACIICHNE AIEKTPOHHOM IIOT-
HOCTH BJOJIb IPSIMOI TMHUH. PaccMoTpuM Ju1s puMepa ceueHre NpsiMoi,
napajielbHON KOOpIMHATHOM ocH z. ClienoBarebHO, HEOOXOIUMO HANTH
p(x'y'z) ,Tae x'y' — (MKCUPOBAaHHBIC KOOP/IUHATHI:
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P(XY2) = S S Fhkl)exp2Ti(hx' +ky' +1z) (53)
Wi o
p(x'y'z) = 5 H(l)exp2Tilz, (54)
e l
H)= 35 F(k)exp2mi(hn’+ k). (55)

Tak >ke Kak U B CITy4yae IIOCKOI0 CE4YEHUs], ITOJTyYUB JINHEIHBIE ceve-
HUS, MOKHO TIEPEHTH K 00BEMHOMY pacpeaeICHUIO p(xyz). s aroro
HEOOXOIMMO TpaHb Xy Pa3deiUTh HAa #* YacTell U Yepe3 TOUKH JICIICHHS
MPOBECTH MpsIMbIe, MapauieNbHble z. Haliis pacnipenencHie p(x'y'z) o
BCEM JIMHUSM, ITPOXONSLIMM YEPE3 TOUKU JEJICHUS MapauIeIbHO OCH Z,
MO>KHO IIPEACTAaBUTH BCIO TPEXMEPHYIO CTPYKTYPY.

JluneiitHOe ceueHHMe MOXKHO HAWMTH Juis JTF000W NpsSMOH, He 00s13a-
TENBHO NapajlyIebHOM KOOPAMHATHON OCH. 1151 5TOr0 HeoOX0qMMO y4ecThb
3aBHCUMOCTH Z OT (X)), ¥ B hopmyiax (44) — (46) mpoBeCcTH COOTBETCTBYIO-
LIyI0 3aMEHY Z Ha f'(xy) -

Hapsiny ¢ MmeTopamu cedeHuid B CTpyKTypHOM aHAJIN3€ IIMPOKO TPH-
MEHSETCS METOA NMpoeKUMK. [ [poekiyel aIeKTpOHHOM INIOTHOCTH Ha IJI0C-
KOCThb B TOUKE M (x'y") Ha3bIBAETCSA CyMMapHOE 3HAYEHHME SJIEKTPOHHOM
IUIOTHOCTH BO BCEX TOUKAX IEMEHTAPHOU STUEHKH, KOOPIAMHATHI KOTOPBIX
(x'y") (xy) onuHakoBslI (z, ecrecTBeHHO, MeHsieTcst ot 0 10 1).

Ecian O(xy) mpoexkitus B Touke (X)), TO

1
o(xy) = Ip(xyz)dz . (56)
0
Orcrona, ¢ yaetoM popmyitsl (44), ToITydanm

o(xy) = _I[Z > > F(hkl)exp2Tu(hx +ky +1z)dz (57)
0r T

i

1 .
o(xy) = ; % exp—2Tu(hx + ky)g F(hkl) J’ezmlzdz (58)
0

Paccmotpum
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21U/ 271U/
CrnenmoBatenbHO, MHTETpa (59) paBeH HYITO ITPH BCEX 3HAYCHHUSX FH-

nekca [ # 0 u paBeH equnuue mpu /=0. Takum 0O6pazoM, MPOEKIKS IIEKT-
POHHO¥ IUIOTHOCTH Ha IVIOCKOCTb XY PACCUUThIBaeTCA 110 (popmye:

0(xy) =3 5 F(hkO)exp-2Ti(hx +ky).  (60)
h k

1 . .
J)’e_mlzdz = goam lo= —L[l -11=0. (59)

Ecim cTpoutcst mpoekims Ha TUIOCKOCTh Xz, TO OepyTcs pedrekchl
h0/, eci Ha TIOCKOCTH Yz, TO Okl.

JIuneliHas MPOEKITHs SICKTPOHHOM TIOTHOCTH, HAITPUMED, Ha OCh Z
P(z) ompezaenseTcs CACAYIONIUM 00pa3oM:

11
P(2) = [ [P(xyz)dxdy (61)
00

T.C.

p(z) = }}2 S Y F(hkl)exp—2Tu(hx + ky + Iz)dxdy =
00
(62)

1 1
=3 exp—2Tulz}y y F(hkl)[exp— 2Tuhxdx [exp— 2Tukyd)y.
7 FE 0 0

HuTerpansl IMEIOT HEHYJIEBBIC 3HAUYSHHS TOIBKO TOTA, KOTAa /i | k
paBHBI Hy/10. CIIe10BaTeIHHO,

p(z) =3 F(00/)exp—2Tulz . (63)

J1s1 MoCTpOeH!st TMHEMHBIX MPOEKLIUH AIEKTPOHHOM IIIOTHOCTH Ha
0Ch Z HEOOXOANMO UCIIONB30BaTh OazanbHble peduexce (00/). Ananorny-
HO, IUIs IPOELIMPOBAHKS HA OCh X U ) HaJI0 Oparh MMHAKOMJAIbHBIE ped-
nexcsl 100 u 0k0 cooTBETCTBEHHO.

Ecmu Ha a1eMeHTapHy 0 SIeHKy MPUXOAUTCS TOCTATOYHO OOJBIIOE
KOJIMYECTBO aTOMOB, TO MPU MX MPOCLUUPOBAHUN MOKET IIPOU3ONTH B3au-
MOHAJIO’KEHHE MAaKCHMYMOB JJIEKTPOHHOM TIIOTHOCTH, YTO UCKA3UT KapTH-
HY pacrpeelieHHs aT0OMOB U 3aTPyAHHT WU CENIaeT HEBO3MOKHBIM OIIpe-
JieJIeHNe MX KOOpIHHaT. B TakoM ciydae HUCIONb3yeTcst MPOEKIMs He Beel
3JIEMEHTapHOU SUEHKY, a ee yacTh. Harpumep, MpoeK1s 371€KTPOHHOM I110T-
HOCTH B CJIO€ MEXAY Z; U Z, Ha KOOPIMHATHYIO IJIOCKOCTh Xy UMEET BUJI:
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o(xy) |2 = J P(xyz)dz (64)

TO €CTh

h k

cr(xy);2 =5 S exp2Ti(hx + ky)S F(hkl) Zfexp 2Tilzdz . (65)

Taxk kak

2mlz,) _ expiTl(z, *z))

= . 1 27l
exp2Ttlzdz = —— 2=
Jexpamulzdz =5 (@ 2l

2

2isin21U(z, — z;) , (66)

TO

o(xy)> =ny 3 R(hk)exp2mi(hx + ky), (67)
e ok
expTil(z, +z,)sinTl(z, — z

D

R(Hk) = 3 F (hki) (68)

U

AHanH3pr;1 IMPOCKIHHU 3J'ICKTpOHHOf/’1 MJIOTHOCTH Ha Pa3IMYHLIC KO-
OpAUHATHBIC TNIOCKOCTH, MOXHO OIIPEACIUTL BCEC TPU KOOPAMHATHI aTo-
MOB, YTO U ABJIICTCA pCHICHUCM OCHOBHOM 3aJa4u CTPYKTYPHOI'O aHaJIn3a.
HpI/IBGI[CM B KaQUCCTBC IMpUMCEpa pacyeT SHCKI‘pOHHOﬁ IIJIOTHOCTH HA OCh Z

KPHUCTAJLIa CIIXO/bI MyCKOBUTA, COCTaB KOTOpoi K (Si s Al )Al on (OH )2 .

IMo peHTreHOBCKOM TU(PPAKTOrpaMME OTIPEICIICHBI YIITbI AU PAKIIAH
(29) , OparroBckue ymibl 9, MEXKIUIOCKOCTHBIC PACCTOSHUSL ¢ W MHTEH-
CHBHOCTH pediIeKcoB [ , KOTOPBIE 3aHOCATCA B TaOJHILy B ITOPSIIKE BO3pa-
cranus 9. Tak Kak IpHu CbeMKe MOHOKpHCTaIa (PUKCUPYIOTCS pediiek-
coI (00/), a CHHTOHMS CITFOITBI MOHOKJTMHHAS, TO

N Y ARV A%y 1 (69)
d, " d, d,

MHTEHCHBHOCTE PEHTTEHOBCKOTO pediiekca [ 3aBUCHT OT CTPYKTYP-
Horo ¢akTopa u ¢axkropa PLG, KOTOPBIA Ui METOAa PEHTTC€HOBCKOU
I PaKTOMETPHUI MOHOKPHCTAJIIOB OTIPEIEISICTCS 110 OpMYyJIE:

1+cos” 29 ) (70)
2sin 29

PLG =
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Bemnmanna ﬁ npornopuroHaibHa 2 . CTpyKTypa CIIFOI TAKOBa,

YTO €€ KPUCTAILIBI SBISIOTCA [IEHTPAIbHO-CHMMETPHYHBIMA. JTO O3Ha4a-
€T, YTO [ =+/F? MNPUHUMAIOT JeHCTBUTENbHBIC 3HaUeHus. OCTaBUM B
CTOPOHE 3HAKOBYIO ITPOOJIEMY, €€ peIIeHre TPEOyET CIIEITHATBHOTO 00CY K-
JIeHHs1, KOTOPOe YBEJET B CTOPOHY OT 3aja4 JIAHHOTO MOCOOMs. YKaxeM
JIUIIb, YTO JIJIS citon F (001 ) HAMEET 3HaK «IUIIoc» Wi [ < 12 KpoMe 3Ha-
yeHud /=2 u [ =5. To ectb F(002) = F(Z) <0wu F(5)<0. Yka3aHHbIC
SKCTIEpUMEHTAIIFHBIE W PACCUMTAHHBIE 3HAYCHUS MPHUBEIEHBI B Ta0M. 2.
3ameTnm, 4TO 3HaYeHUs [ yBenudeHbl B 10 pa3 v OKpYIIIEHBI 10 MENbIX
qrcen. DTO CAeNaHO A1 yI0OCTBa paciyeToB.

Tabsmuma 2

Pacuer CTpyKTypHBIX aMIuIaTy (OOI ) KPHCTAJUIOB MyCKOBHTA,
OJIyYEHHBIX HA OCHOBE PEHTIeHIU(PAKTOMETPUYECKUX UCCIIENOBAHMUI

(m3myuenne CuK,, — gunsrpoanHOe)

. . : I, | PLG R
N 29 ) d, 4 L MM F F
1 9,00 4,50 9,92 1 24,2 12,63 1,92 14
2 17,83 8,82 4,97 2 24,4 6,23 3,92 -20
3 26,90 13,45 3,31 3 46,6 3,97 11,74 34
4 36,00 18,00 2,49 4 7,0 2,81 2,49 16
5 45,50 22,75 1,99 5 18,2 2,10 8,70 -29
6 55,25 27,63 1,66 6 0,6 1,61 0,37 6
7 65,50 32,75 1,42 7 2,7 1,29 2,10 14
8 78,25 39,13 1,24 8 3,9 1,09 3,59 19
9 88,00 44,00 1,11 9 0,2 1,00 0,20 4
10 101,00 50,50 0,998 10 1,5 1,06 1,18 11
11 116,25 58,13 0,907 11 2,2 1,33 1,05 13
12 137,75 67,88 | 0,8315 12 1,3 2,16 0,57 7

J1st pacueTa nMpoeKIMy EKTPOHHOM IIOTHOCTH Ha OCh Z TIEPHOJ] C
Obu1 pazaeneH Ha 60 gacteid. B Touke z = (0,5 nmeeTcs HEHTP CHMMETPHH,
CIIeI0BaTeNbHO, HEOOXOIMMO IIPOCYMMHPOBATH 31 psit BUIa

p(z) O p(K) =Y F(001) cos% KO,
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rae K — Homep unTepBana. Kpucramnorpaduyaeckas koopauHara z CBsi-

K
3aHa ¢ HOMEPOM UHTEPBAaJa YCIOBHEM Z = 0

CyMmmupoBaHue paa0B MPOBOIUTCS Ha KOMITBIOTEPE, HO MBI PEILIMIIN
IIPUBECTHU BCE NIPOMEXYTOUYHBIE 3HAYCHUS [ (l)cos 6Kl g 1<1<12 u
0 < K <30, Tak KaK Tabi. 3 TIO3BOJISAET YBUAETH IEPUOANIHOCTE paciipe-
JIEJIEHUS] 3TUX BEJIMYMH B 3aBUCHUMOCTH OT [ U K .

[Ipex e uem ONHCHIBATH CBA3b MEXIY (GyHKIHEH p(z) U pacnpene-
JIEHUEM aTOMOB B CIIIOJIE, PACCMOTPHUM CTPYKTYpY 3TOro kpucrania. Ciro-
JIbl — THIIMYHBIE ITPEICTABUTENHN CIIOMCTBIX CUIIMKATOB, XapaKTEePU3YIOT-
Cs1 pa3IMYHBIMH COCTABAMU C 001N KPUCTAITIOXUMUIECKOH (hOPMYIION:

MmN s oy, (o, F),
rne M,N,T —MeXCIIOeBOH ,0KTa3IPHUECKUI B TETPAIPUICCKUI aTOMBI
COOTBETCTBEHHO. Bepxuuii unnexc B popmyrie — BaJ€HTHOCTb, HIXKHUM —
YHCII0 aTOMOB. [ IpH 5TOM AOMHKHBI BBIIOJIHATECS YCIOBUA: mx =1, ny =6,
9TO 00ECTICUMBACT MIICKTPOCTATHICCKYIO HEUTPATTHHOCTH STICHKY KpHCTaIIa

cmonsl. M ™" — atomsl K, Na*!, Li*!, Ca*’, N""-Fe*?, Mg*?, Mn*?, Al
Fe®, Ti**, T-Al’. Bo3MOXXHBI BXOXKIECHHUS HE TOJILKO KOMOUMHALMN 3THX,
HO M HEKOTOPBIX JIPYTUX aTOMOB. ATOMBI B KPUCTAIUIAX CITFOJ PACTIONIOKE-
HBI TT0 CJIOSIM, KaK ATO TOKa3aHo Ha puc. 32.

Puc. 32. Cxema nociiejoBaTeIbHOCTH aTOMHBIX CJIOEB B CIIIONAX
Ecmu B kpuctanmueckoii popmyre »# =3, TO B OKTa3IPHIECKOM CIIOE

3aHATHI IBC U3 TPCX OKTAYIPUICCKUX HO3I/II_[I/II71, €CIIi 51 =2 — TO BCE IO3U-
11, TO €CTh TPpU U3 TPEX. CJ'IIO,Z[,I:I TICPBOI0 TUIIA HA3BIBAIOTCA AUOKTA3APH-
YCCKHUMU, BTOPOTO — TPHUOKTA3APUUYCCKUMU. MyCKOBI/IT -
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9

Pacuer npoekuunii 31€KTPOHHON MIJIOTHOCTH p(z)

Tabmura 3

KpHCTaJIa MyCKOBHTA
) K

0 1 2 3 4 5 6 7 8 9 10
1 14 13,92 | 13,69 | 13,31 12,79 | 12,13 11,33 10,41 9,37 8,23 7,01
2 | -20 | -19,56 | -18,27 | -16.18 |-13,39 |-10,01 | -6,19 | -2,10 | 2,07 6,16 9,98
3 34 32,33 | 27,51 | 20,00 | 10,53 0,03 -10,48 | -19,95 |-27,48 |-32,32 | -34,00
4 16 14,61 10,71 | 4,95 -1,66 -7,98 | -12,93 [ -15,64 |-15,66 |-12,96 | -8,03
5 -29 -25,11 | -14,51 | -0,02 14,47 | 25,09 | 29,00 [ 25,14 | 14,55 0,07 | -14,43
6 6 4,85 1,86 | -1,85 -4,85 -6,00 -4,86 -1,87 1,84 4,84 6,00
7 14 10,40 1,47 | -8,22 |-13,69 |-12,14 | -4,36 5,66 12,77 | 13,33 7,04
8 19 12,72 -1,97 | -15,36 | -18,59 | -9,53 5,82 17,33 | 17,38 5,94 -9,43
9 4 2,35 -1,23 | -3,80 -3,24 -0,01 3,23 3,81 1,25 -2,34 -4,00
10 11 5,51 -5,49 | -11,00 | -5,52 5,47 11,00 5,53 -5,46 | -11,00 | -5,55
11 13 5,29 -8,69 |-12,37 | -1,39 11,24 | 10,54 -2,65 | -12,70 | -7,70 6,43
12 7 2,17 -5,66 | -5,67 2,15 7,00 2,19 -5,64 -5,68 2,12 7,00
> | 89 59,49 | -0,57 |-36,21 |-22,39 | 1529 | 34,29 | 20,02 | -7,74 |-25,61 |-31,98




S9

[Iponomkenne Tabmmrp! 3

l K
11 12 13 14 15 16 17 18 19 20

1 5,70 4,33 2,92 1,47 0,01 -1,45 -2,90 -4,31 -5,68 -6,99
2 13,36 16,16 | 18,26 | 19,56 | 20,00 | 19,57 | 18,28 | 16,20 | 13,41 10,04
3 [-32,35 | -27,54 | -20,04 |-10,58 | -0,08 | 10,42 | 19,91 | 27,45 | 32,30 | 34,00
4 -1,71 4,90 10,67 | 14,60 16,00 | 14,64 | 10,75 5,00 -1,61 -7,94
5 [-25,07 | -29,00 | -25,16 |-14,59 | -0,11 | 14,39 | 25,05 | 29,00 | 25,19 | 14,63
6 4,87 1,88 -1,83 -4,84 -6,00 | -4,87 -1,88 1,82 4,83 6,00
7 -2,85 | -11,29 | -13,93 | -9,42 -0,08 9,31 13,91 11,38 3,01 -6,91
8 |-18,57 | -15,43 | -2,09 12,63 19,00 | 12,81 -1,85 | -15,29 | -18,62 | -9,64
9 -2,37 1,21 3,80 3,25 0,03 -3,22 -3,81 -1.27 2,32 4,00
10 | 5,44 11,00 | 5,57 -5,43 | -11,00 | -5,58 5,41 11,00 5,60 -5,40
11 | 12,94 4,10 9,59 |-11,92 | -0,11 | 11,83 9,75 -3,89 | -12,91 | -6,63
12 | 2,21 -5,63 | -5,70 2,10 7,00 2,23 -5,62 -5,71 2,08 7,00
> | -38,40 | -45,29 |-37,13 | -3,17 44,65 | 80,08 | 87,00 | 71,39 | 49,92 | 32,16




99

IIponomkenue Tabmurp! 3

/ K
21 22 23 24 25 26 27 28 29 30

1 -8,22 9,36 |-10,39 |-11,32 | -12,11 | -12,78 |[-13,31 |-13,69 |-13,92 |-14,00
2 6,22 2,14 | 2,04 -6,13 -9,95 | -13,34 | -16,15 |-18,25 |-19,55 | -20,00
3 32,37 | 27,58 | 20,08 | 10,63 0,13 | -10,37 |-19,87 |-27,42 |-32,29 | -34,00
4 |-12,90 | -15,63 |-15,67 |-12,99 | -8,07 | -1,76 4,86 10,63 | 14,58 | 16,00
5 0,16 -14,35 | -25,03 | -29,00 | -25,21 | -14,67 | -0,21 14,31 | 25,00 | 29,00
6 4,88 1,89 -1,81 -4,83 -6,00 | -4,88 -1,90 1,80 4,82 6,00

7 |-13,28 | -12,84 | -5,80 4,21 12,06 | 13,72 8,34 -1,32 | -10,30 | -14,00
8 5,71 17,28 | 17,43 6,05 -9,32 | -18,54 | -15,50 | -2,21 12,54 | 19,00
9 2,38 -1,20 | -3,79 -3,26 -0,05 3,21 3,82 1,29 -2,31 -4,00
10 | -11,00 | -5,61 5,38 11,00 5,63 -5,37 | -11,00 | -5,64 5,35 11,00
11 7,51 12,75 | 2,87 |-10,41 | -11,35 | 1,16 12,30 8,85 -5,09 | -13,00
12 | 2,25 -5,60 [ -5,72 2,06 7,00 2,27 -5,59 -5,74 2,04 7,00

> | 16,09 -2,95 |-24,48 | -43,98 | -57,26 | -61,36 | -54,20 |-37,37 |-19,12 | -11,00




K (Si S Al )AZ ,O0 (OH )2 — SIBJIAETCS TUIIMYHBIM IIPEICTaBUTEIEM JUOKTaYI-
puyecKuX,  (QIoromnut K(Si3 Al)Mg3 0,(OH), u  Guorur

K (Si Al )F e; A1, 0y, (OH ) ) —TpHOKTayIpudeckux ciron. Ilommnpuyeckue
MOJIENHN JW- ¥ TPHOKTA3IPUUECKHX CITO] IIPUBEAEHBI Ha pHC. 33.

S/

7%

4‘.“‘1‘ k7.
Y G
SVEATRSN

9

| S

ALYy

Puc. 33. Ilonuanpudeckast Moaens Au-(a) ¥ TPUOKTaIpUIEcKuX (0) ciror

OCHOBY CTPYKTYPHI CITFOI] COCTABIISIET BOHHON KPEMHEKHCIIOPOTHBIN
MAKeT, COCTOSIINH U3 ABYX TETPAYIPHICCKUX CJIOEB IIOTHEHILICH YTIaKOB-
KH{, COCAUHSIOMINXCS MPOMEKYTOYHOW OKTadIPUUECKON CETKOH aTOMOB
JIBYX- 1 TPEXBAJICHTHBIX METAILIOB. 3apsi/i TAKOTO MTAKETa IPH COOTHOIIIE-
HHH cI0€eB 2:1, paBHBII — 1, KOMIIEHCHPYETCSI MEXKCIIOEBBIM ITOJIOKHTEIb-
HBIM KaTHOHOM.

Kpusas ¢pynkmn p(z) , pacyeT KOTOpOil IpUBE/IEH B TadnuIIe 3, pes-
cTaBliecHa Ha puc. 34, 1O KOTOPHIM NMpHUBENEH (GParMeHT CTPYKTYPHI —
TTOJIOBHHA SIYEHKH — 110 OocH z (cM. puc. 32 u puc. 33).

W3 puc. 34 cnemyror 1Ba BaKHBIX, Ha HAaIll B3N, CIEACTBHA. Bo-
MIEPBBIX, CAMO YHCIEHHOE 3Ha9€HNE IEKTPOHHOH TNIOTHOCTA HOCUT OT-
HOCHUTENBHBIX XapaKTep, TaK KaK Ha OTJENBHBIX YJacTKaxX JJIEKTPOHHAsS
IUIOTHOCTh OTPHIIATENIbHAS, 9TO He MMeeT (pu3mdueckoro cmbicia. Ooyc-

JIOBJICHO 3TO TE€M, 4TO | |, CI€IOBATENILHO, F W3MEPEHBI B IIPOU3BOIIb-
HBIX equHMLIAX. [lepexon K Ipyrum equHuIaM U3MEPEHUS MHTECHCUBHOCTH
pedIeKcoB Ha MOJIOKEHUE MAKCUMYMOB (DYHKIHU p(z) HE TOBIIUACT, a
TIOBJIUSIET JIMIIL HA HYJIEBOE MOJIOKEHUE Pz ).

Bo-BropbIx, Ha IpaKTUKE IPUXOIUTCS PELIATh 3a7a4y, CBI3aHHYIO C
MOCTPOCHUEM CTPYKTYPHON MOJIENHU MO PaCHpPEACSICHUIO AJIEKTPOHHOM
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Puc. 34. a) npoek1us HIeKTpOHHOH INIOTHOCTH HA OCh Z MyCKOBHTA
0) (parMeHT CTPYKTYpPHI KpUCTaJlIa MyCKOBHTA

0[04) ¢ aft()ﬂ)

g

IJIOTHOCTH, YTO, KOHEYHO, HAMHOTO CJIOJKHEE, YEM OTOXKIECTBIIEHUE MaK-
CUMYMOB p(z) C aTOMaMH{ U3BECTHOM CTPYKTYPHI KPUCTAIUIA. 31ECh MPH-
BeJICHA JIUIITh WJUTIOCTPAITUS METOIA IIOCTPOCHUS P\Z ) IUTSI TAKUX TIPAPOI-
HBIX HCOPTAaHNIECKUX KPUCTAUTTICCKUX CIIOMKHBIX TIOTMMEPOB KaK CITFOIBI,

TUIIUYHBIM IIPEACTABUTEIIEM KOTOPBIX U ABJISACTCA MYCKOBUT.
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13. HEKOTOPBIE BOITPOCBI PEHTTEHOI' PAOUYECKOI'O
DA30BOI'O AHAJIM3A

13.1. DneMeHTHl TEOpHH KaueCTBEHHOTO PEHTICHO(a30BOT0 aHAIU3a

OCHOBHO 3a1a4eii peHTreHorpadaecKoro (pa3oBoro aHajw3a SBils-
eTcs omnpezaencHre (Ha3oBOro cocTaBa cMeCH (Ka9eCTBCHHBIN aHAIH3) U
conepykaHus ATHX (a3 (KOIMICCTBCHHBIN aHAJIH?3).

[on kpuctammmaeckoit hazoit MOHUMAETCST OMHOPOITHOE BEIIESCTBO C
OIIpEJICNICHHBIM COCTaBOM, CTPYKTYpOH M, CIIeJIOBaTeNIbHO, HA0OpOM Xa-
PaKTEepHBIX PEHTTEHOMETPUICCKUX KOHCTAHT. JIF0OO MPHUPOTHBIA U HC-
KyCCTBEHHBII 0OBEKTHI MOTYT OBITH OHO(MA3HBIMH I MHOTO(a3HBIMH.
Ecin n3zy4aemblii 00bEKT IpeAcTaBisieT co00i CMech HE BCTYMAIOLINX BO
B3aMMOJIEICTBHE PYT C APYToM g-(a3, To TOBOPAT 0 ¢-(ha3HOM 0OpasIie.
PentreHorpamMma HeckoJIbKUX (a3 MpencTaBisieT co00i Cynepro3UInIo
nX AU(PaKIUOHHBIX KapTHH, TPUYeM KaxKaas ¢asza, He3aBUCUMO OT JIpy-
T'HX, 00pa3yeT CBOKO TU(PPAKIIHOHHYIO KApTHHY. B reonornu moHsTHs MU-
Hepajia M KPUCTAUIMIECKON (ha3bl IMPaKTHICCKH COBIAIAlOT. MuHepar
TIpencTaBisieT co0oi MOHOMA3Y, a MPo0da, SIBILFOIMIASICS CMEChI0 MUHEpa-
JIOB, — MHOTO(a3HEII 00pazer.

PeHTreHMppakinoHHbIE TAPAMETPHI SIBIISTFOTCS CBOCOOPa3HBIM I1ac-
TTOPTOM KaKJTOW KPUCTATUTIIECKOH (ha3bl, IOTOMY UTO Kaxmas ¢a3a xapakx-
TEPU3YeTCsl CTPOro MHAMBUIYAIbHBIMU Hapamerpamu (a,b,c,d,,y) u
KOOpAMHATaMM aTOMOB (X, V, z) . 3HAYE€HUS MEKIJIOCKOCTHBIX PACCTOSHHUI
d(hkl) v narencuBHOCTel peduiekcoB [(hkl) (hkl — MHAEKCHI TIOCKO-
CTH) CBSI3aHBI C TTapaMeTPaMH sTeUKH U KOOPIUHATAMH aToMOB (X, y,Z) B
00I11IeM citydae clieIyronmMu 3aBucumoctsmu (cum. (14) u (25)):

% cosy cosf3 1 % cosf3 1 cosy %
h k [
s n k L k
, A 1 cosqQ|+ 5 cosy A cosa|+ . cosy 1 A

- % cosa 1 cosf3 % 1 cosf3 cosd %

d? 1 cosy cosf
cosy 1 cosa

b

cosP cosa 1

1(nkt)= 0 QF (nki),
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N/4
F(hki)='S f; exp2mipx, +ky, +1z,) -
j=

e f, — aroMHbI MHOXUTENb paccestus; F(hkl) — crpykrypuas amn-
mutyna; O — MHOXUTENb, ONPEACIAEMbIN YCIOBUSMH SKCIICPUMEHTA U
XapaKTepUCTUKAMU KPUCTaILIA.

Tak kak peHTreHOBCKHE NU(hPAKTOMETPHI IIO3BOJISIOT OTPE/IETISITh HH-
TEHCHBHOCTH Pe(IIEKCOB C TOYHOCTHIO, Ha TIOPSIIKM TPEBBIIIAIONIEH TOY-
HOCTh (poTorpadudeckoro MetToza, To Iyist (ha30BOT0 aHAITN3a HCTIONB3YIOTCS
UMEHHO JudpakToMeTphl. PeHTreHOrpadmaeckiii pa3oBblii aHAN3 JTFOOBIX
00BEKTOB OCYIIECTBIISICTCS CPABHEHHUEM DKCIICPUMCHTATFHOM AH(PAKITH-
OHHO# KapTHbl — Habop d(hkl) w I(hkl) — ¢ nudpaKIHOHHBIMU KapTH-
HaMH, COOPaHHBIMU B OMOJIMOTEKH CIIPABOYHBIX 3TAJIOHOB-OMPEICITUTEIICH.
[Tpumep KapTOUKH-ONPECUTENS AT TaONUIIa ONPEACITUTENS, PEKOMEH-
noBanHas MexyHapoaasiM Coro3om kpuctaiuiorpagos (MCK).

HeolOxonumocTh B OHOMMOTEKaX CIPABOYHBIX STAJIOHOB JUIS PEHTTE-
HO(a30BOr0 aHaJIM3a BO3HUKIIA CPa3y JKe MOCIIE OTKPBITHSI TOPOILIKOBOTO
METO/1a, HO TONBKO B 1938 T. ObLIM CO31aHBI TIEPBBIC OMOIMOTEKH U pa3pa-
0OTaHbI palMOHAIBHEIE CTIOCOOB! HACHTH(HUKAITIH C TTOMOIIBI0 COOpaH-
HBIX B HUX JaHHBIX. BUOIHOTEKN ClIpaBOYHBIX 3TAIOHOB MPEJICTABICHEI B
(hopMe KapTOTEKH; TeTephb BBITycKatoTCs OOBeMMHEHHBIM MEKIyHAPOI-
HBIM KOMHUTETOM TIOPOIIKOBBIX AU(PAKIIMOHHBIX cTaHmapToB. K kaprote-
K€ TIPHJIaraeTCs CIPaBOYHBINA TOM, COACPIKAIMN KITFOUH W ajl(paBUTHBINA
yKa3arelb BeIIeCTB.

Tak kak COBpeMEHHBIE PEHTTEHOMETPUYECKHUE OIPEICITUTENN COICP-
JKaT JIOCTATOYHO OOJIBIIOE YHUCIIO KAPTOYEK-3TAIOHOB (11 HEOPraHU4eC-
kux BetecTs ux 6osnee 80000), To naeHTHhUKALNS Pa3bl CTAHOBUTCS JJTH-
TEJIbHBIM U BEChbMa TPYIOEMKUM mporieccoM. KapTouku-3TanoHsl,
TPE/ICTaBJICHHBIC B OMOIMOTEKAX-ONPEICITUTEIISX, TOYYCHBI C PA3TMYHON
SKCTIEPUMEHTAITFHON TOYHOCTHIO, UTO HE BCET/Ia YIUTHIBACTCS Ha MPAKTH-
Ke, a HepapXusi KapTOIEK-3TAIIOHOB TI0 BOCIIPOM3BOIMMOCTH B HACTOSIIIEE
BpEMS IIPOXOTUT CTA IO N3yUIEHHUSL.

Co BpeMeHH CO3IaHsI OMOTMOTEKH-OTPEIETHTEITH TOPOIITKOBBIX PEH-
TreHau(paKIIMOHHBIX 3TAIOHOB Pa3BUBAIOTCS JBYMSI Iy TSIMHU: CO3J[aBAITIChH
YHHUBEpCATTbHBIE ONOTMOTEKH; POPMHUPOBATICH CIIETTHATI3UPOBAHHBIC OHO-
nroteku. [IpuHIMIT moCTpoeHUs STUX OMONMMOTEK OAMHAKOB. X OCHOBY

COCTaBJISIFOT TaONHITBI MIIM KapTOYKH, coaepkamme d u [, HEeKOTophIe
CBEJICHUSI O XUMHUYECKOM COCTaBE, KpUCTAILIOrpadyHueCKHUE XapaKTEePHUCTH-
KU U T. 1. (cM. Tabmuity 4). [Tocie Toro, kak ObLITM HAKOTLICHBI TPEI3HOH-
HBIC IAHHBIC O MapaMeTPax PEIICTKU U IMOTY4YCHbI BBICOKOKAYSCTBCHHBIC
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CTPYKTYPHBIC MOJIEIIH JUISl pa3HOOOPA3HbIX KPUCTAIUTNUECKUX (ha3, Upo-
Koe npuMeHeHne DBM 103BoNMIIO0 pa3BUTh HOBOE HAIMPABICHUE TOTyYe-
HUSI IOPOIIKOBBIX PEHTTCHIN(PPAKIIMOHHBIX IAHHBIX — PACCYMTAHHBIX T10-
POLIKOBBIX peHTreHorpamm (d”, 7). VIHTEHCUBHOCTU PEHTICHOBCKUX
peduiekcoB, MoTyYeHHbIE PACUETHBIM ITyTEM U3 CTPYKTYPHOM MOJICIIH, CBO-
OOJIHBI OT BIIMSHHS DKCIIEPUMEHTAIBHBIX (JAKTOPOB, MHOTHE U3 KOTOPBIX
TPYHO KOHTPOJIUPOBATH U PACCUUTHIBATE.

[NopomikoBeie peHTreHAU(PAKITHOHHBIC STAJIOHBL, TIOTYYSHHBIE pac-
YETHBIM ITyTeM, UIMEIOT U JIPYTHe MPSUMYIIIECTBA TIePE]] SMITMPUICCKUMU
JTAHHBIMU. Bce TMHUM MOXKHO TIPOWHTUIIMPOBATH U, €CITH ISl HEKOTOPBIX
OTpaKCHUH ITOTYyYat0TCs OIMHAKOBBIC 3HAYCHHUS ¢ , MOYKHO OIICHUTD BKJIA]
B OOIIYIO MHTEHCHBHOCTD KaXJI0T0 pediekca Ha TOPOIIKOBOM PEHTICHO-
rpamme. Ecnii u3BeCTHBI CTPYKTYphl KOHEUHBIX YJICHOB H30MOPQHOI ce-
PHH U IPUPOJIa CTPYKTYPHBIX W3MCHEHHH MEX/y KOHSUHBIMH WICHAMHU,
MMEETCS BO3MOXKHOCTh HJICHTU(QHITUPOBATh MPOMEKYTOUHBIC WICHBI IO
pac4eTHBIM PEHTTCHOTPAMMAM.

OnHaKo clieyeT IIOMHHUT, 9TO COCTAB ¥ 0COOCHHOCTH CTPOCHHUS KpPH-
CTaJIJIOB, OTPAXKAIOIINE YCIOBUSI KX 00Pa30BaHUSL, 3aTPY/HSIOT MOy YCHHE
BBICOKOKaYECTBEHHBIX CTPYKTYPHBIX Mojeiel. B cBsi3u ¢ atiM mo-mipe-
JKHEMY COXPaHSIFOT CBOIO 3HAUMMOCTh AIMITUPUYECKHIE STAIOHHBIE TIOPOIII-
KOBBIC PEHTTEHOT PaMMBbI, HAN0O0JICE TTOJTHON OMOIHOTEKOH KOTOPBIX SBIIS-
ercs kaproreka PDF (Powder diffraction files). 3necs HeoOxoaumo cienarb
HEKOTOpbIC 3aMeuanus. KomuecTBo cozepikaiieiicss B kapToreke (B 0ase
JTAaHHBIX ) HHGOPMAIINH, KaK TPABIIIO, SBISETCS H30BITOUHBIM ST O0JTb-
MIMHCTBA aHATUTHYCCKHX JTaboparopuii. J{ist MHOTHX, 0COOCHHO Tieprde-
PUHHBIX pEHTTCHOBCKHX J1a00paTopuii 9Ta KapTOTeKa SBISICTCS HEJIOCTYII-
Houi. Coneprkalnuecs B Hell JaHHBIC UMEIOT Pa3IMYHYI0 HaJCKHOCTb, U
JIMIIH B TIOCJICTHUX YETHIPEX-IIATH BBIITYCKaX MPEIPUHATA ITOTBITKA PaH-
JKHPOBaHWS MPUBOIMMBIX JAHHBIX IO TIOJTHOTE 1 HajiesxkHOCTH. Boree 80 Thic.
KapTO4EK B ONPEACIUTEISX JICNIAI0T MAIOIPOU3BOIUTENBHBIM CaM IIPo-
necc uneHTrduKamm (a3 B aHAIM3UPYEMBIX ITpobdax. B pesynsrare Bo3-
HHUKaeT HeOOXOANMOCTD BBIZIETICHHS U3 Psi/Ia YaCTHBIX OMONMMOTEK CIpaBoy-
HBIX STAJIOHOB JIJIS PEIICHUS] KOHKPETHBIX 3a]1a4, HAPUMEP, MUHEPAJIOB, a
TaKke pa3pabOTKU MAITMHHBIX METOJIOB HICHTHU(UKAIIH.

Crnemyer Takxe OTMETHTD, UTO JIsl IIPOBENICHUS pEHTIeHO(ha30BOro
aHam3a TpeOyeTcss OTHOCHTEIBHO HEOOIBIOE KOMHMIECTBO MarepHuaa,
KOTOPBI B IpoIIEcCe aHAM3a HE N3MEHSET CBOETO XUMHYECKOTO H (hazo-
BOT'O COCTaBa M HE YHUUTOXKAETCSI.

TaxuMm 06pazom, yist naeHTU(GUKAET MOHO(A30BOT0O BEIISCTBA He-
00X0/IMMO JUIs] SKCTIEPUMEHTAIIbHOM peHTreHorpammsl (d,; ;i =1,..., N; N —
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Kaprouka onpenenuters, pekomenaoBanHass MKC

Ta6mmma 4

d Formula ° I/1 hkl
d, A / 0
Name
11,
Rad A\ | Filter Crystal System | Space Group S.C.# 0 I / I hkl
d, A 0
Mono
Type
Intensitis d values ag bo Co
Diffractom. | Diff. a B y
Densitom. Guinier A C
Visual Debye
d values std. | LaticeConst. | [ / I, Deatc mp
Internal of Std.
External Z Deyp Color

Reference(Powder Data)

Reference(Powder Data)

Preparation & Chemistry

Additional Comments




YHCIIO PeIICeKCOB) HANTH aHAIOT B TAOJIUIIEC ATATIOHOB. 3aj1a4a 3aTpy/IHs-
€TCs TEM, YTO, BO-TIEPBBIX, OKCIIEPUMEHTAIIbHBIE 3HaueHust d,,1; onpene-
JISIFOTCS C OLIMOKOIA; BO-BTOPBIX, B KAUECTBE ATAJIOHOB HUCIIONB3YIOT 3HAUE-
HHS, TOJYYCHHBIE IPYTMMH aBTOPAaMHM DJKCIEPHUMEHTAIBHO W,
CJIEZIOBATENHHO, TOKE C OIMMOKOHN, KOTOpasi B OONBIIMHCTBE CIy4aeB, K
COXKaJICHUIO, HE TIPUBOIMTCS;, B-TPETHUX, BEIIECTBO ATAJIOHA MOKET HMETh
HECKOJIBKO MHOM COCTaB, YeM UCCIICOBAHHOE, TO €CTh €10 ¢/, [, B IPUH-
ITUIIE HE JIOJKHBI TOYHO COBIAIATh C IKCIICPUMEHTAIBHBIMHU.

INownck ananora rccneyeMoi TpoObl B ONOIMOTEKE STAJIOHOB OOBIYHO
MPOM3BOIAT TIO cleytomel Meroqrke. Ha peHTreHorpamMme uccrnemyeMoro
BeLIECTBa BHIOUPAIOT 71 HanOoJIee MHTEHCUBHBIX pediekcoB (n = 3;5;8;10)
Y CPaBHUBAIOT UX C x HAMOOJIee MHTCHCUBHBIMH pedIIeKCaMy 3TaJIOHOB,
KOTOpBIE CBEZICHBI B CIIELIMAIBHYIO TaOHILy (KITE04 onpezenuTentst). B nepom
cTon0Ne KIIFo4a IpuBeIeHbl MOHOTOHHO YMeHbLIaromuecs d;, 1 ;. Cnenosa-
TENFHO, B TAOMNHIIE-KITIOYe KaXK/IO€ BEIECTBO, YKA3aHHOE B OMpEZCIHTENE,
BKJIFOHAETCsl 71 pa3. GparMeHT Kiroua ONpEASIUTENT IPU N=5 TPUBE/ICH B
Taom. 5.

J1st SKCTIepUMEHTANBHBIX d; 3a1aeTcs uHTepBan A, To eCTh U3
KJTIOYa CHavajIa BEIOMPAroTcs (Dasbl, Y KOTOPHIX

9 _ T . ;o ;
d1 Alsd1 Sdl +A1

MHICKCHI 5 U T COOTBECTCTBYIOT 3KCIICPUMCHTAJIbHBIM 1 TaOMUYHEIM

3HAYEHUSIM d,,], . 3aTeM BBIOMPAIOT (asbl B ONpeennTesie COOTBET-

CTBYOIIUX d}? _Ar stw sd}? + /A, ¥ Tax gauee 10

d ]3\] -A N <d ]{, <d ]3\, +A N ®Da3bl OIPEICTUTENS, BCTPEYAIOIIHECS BO
BceX BhIOOpKaxX (WUIM B OOJNBITMHCTBE M3 HUX). MOTYT OBITh aHAJIOTAMH
HCCIIelyeMOTO0 BEIIECTBaA.

Hanmenbiuee 3Ha9CHHE BENMYMHBL Ad /d ONPENEISETCs OIPEILHO-
CTBIO TU(DPAKTOMETPUIECKOTO IKCIIEPUMEHTA 1, KaK 3TO cienyeT u3 Ghop-

Mmynsl Byibda-bperros (cum. (16)),

Ad =d (kg (9 =2)“?Li’?9m =%\/4d2 -\ 09
S

rae A9 U3MEpeHo B paaaHax.
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Ecim A8 ompeneneHo B rpagycax, TO

A= J4a? “\ps -
180 A

Ommbka n3MepeHnst THTEHCUBHOCTH OIIPEIEIISIeTCS YCIOBUSIMH 3KC-
nepuMeHTa. Hampumep, B MeTo/le PEHTTEHOBCKOW NTHU(PAKTOMETPUU
Al = Al ,tne A= const.

Jnst 6oree aeTaabHOTO HCCJIC/IOBAHHS HEOOXOIMMO CPaBHUTH IICIIHU-
KoM Bech Habop (@, 1), u (d',1") ;. 3aMeTnM, 9T0 YnCIIo PeIIEKCOB
(ha3wl B TAONHUIIE OMPEIETUTEINS MOKET OTIIMYATHCS OT YUCIIA PEIICKCOB
Ha SKCIIEPUMEHTAJILHON peHTreHorpaMMe. 3a/1ada OCTIOKHSAETCS TEM, YTO
Ha PEHTTEeHOTpaMMe 3TAJIOHA U FICCIIEAYEMOTO BEeIeCTBA MHTEHCUBHOCTH
pedrexcoB MOTYT OBITH TIEpEpACIPENIENICHB], TO €CTh IIPH CPABHEHHUH TIO
KITI0YY TPOU30UAET COBIIAJICHUE JIUIIb k < 5 pedIeKCOB, €CIIH Jaxe aHa-
JIOT BBIOpaH NMPaBIIIHHO.

st peruenus pa3zoBoi 381241 UCIIONB3YETCsI TOPOLIKOBBIN 0Opasell,
TIO3BOJISTIOIIMH IOy YNTh MaKCUMAaJIBHBI HA0Op PEHTTE€HOBCKUX pedek-
coB. Ecimit ncxomHbIi 00BEKT SABISAETCS MOHOKPHUCTAIIIOM, TO €10 JI0O JTHC-
MEPTUPYIOT, JTUOO UCTIONB3YIOT CIIEIHATbHBIE KaMephl, TO3BOJIAIOIIHE T0-
JIy4aTh IICEB/IOIOPOIIKOBYIO PEHTTEHOT PAMMY.

Cremyer OTMETUTB, YTO PeHTTeHorpaduueckuii (ha3oBbIii aHamm3 (T1o-
POIIKOBBIX ) KPHCTAJUIMYCCKUX BEIIECTB KaK SKCIICPUMEHTAIBHBIA METOJT
uneHTA(UKAIN a3 XapaKTepU3yeTCsl PSIIoM 0COOCHHOCTEH, OOTIIMMY JTs
MHOTHX METOZIOB (MeccOaysporpadus, CIIeKTpaTbHBIN aHATN3, ISPHBATOT -
padust ¥ TIp.) TPUMEHIEMBIX ISl UCCIICAOBAHMS PA3IMIHBIX OOBEKTOB U
OCHOBaHHBIX Ha JIMCKPETHBIX CIIEKTPaX U MPHUHIIMIIAX CPABHCHUSL.

B Hacrosee BpeMsi H3BECTHO HECKOIBKO PA3IMYHBIX METOIOB U IPO-
rpamMM aBTOMaru4deckoro (¢ npuMeHenrneM 9BM) kadecTBeHHOTO (pa3oBo-
ro a"Hanu3a. Bece oHN, UMest CBOM 0COOEHHOCTH, PEATHN3YIOT CIIETYIOITYI0
CXEMY:

a) B OBM BBomuTcs 6nOMMoTeKa M KapTOdeK-3TajioHOB CTaHAAPT-
HBIX (ha3; B OOIIEM CIydae IMPOM3BOIUTCS CPABHEHHUE PEHTICHOTPAMMBI
UCCIIeyeMOit TPOOBI CO BCEMH KapPTOUKaMU-3TaJIOHAMHU;

0) Ha 1epBOM 3Tare CpaBHESHHS IIPHHUMACTCS TUTIOTE3a O MOHO(A3-
HOCTH HMCCIIEIyeMOil IPOObI TI0 BBIIEOMTUCAHHON METOIUKE; KOITMIECTBO
aHAJIOTOB (71) KapTOYEK-OTAJIOHOB TS N3y4aeMOT0 BEIECTBAa MOXKET OBITh
JIOCTaTOYHO OOJIBIINM;

B) Ha MOCJICAYOIIUX dTArlaX MPUHUMAETCS TUTIoTe3a 0 P-pazHoM 00-
pasue (P=2; 3; ...; 6 1OC/IEI0BATEIbHO), TO €CTh aHau3upyercss C, Ba-
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SL

CDpal"MeHT KJIto4a OonpeaAcInuTeIId

d 1 d 1 d 1 d 1 d 1 HazBanue muHepana Ne
n n n n n
4,51 4,88 2,90 3,793 2,76 Creppertur= 649
Alg[po,),[oH] s BH,0
451 | 10| 2,60 | 10| 1,640 | 10| 152 ] 6 1,70 | 6 Beiipenmr= 885b
2,54 1,500 (41, Fe),[oH],
{(sia1), 0,0} it ,0
4,50 | 10 15,3 10 3,07 10 | 2,61 10 1,497 | 10 MOHTMOPHITOHUT= 881b
i o), {si,0,¢f tnt,0
4,5 6 13,5 10 1,554 | 8 2,62 5 3,13 4 Xioponan= 893
H,Fe,S8i,0,(?)
4,5 8 7,0 10 3,50 10 | 14,0 8 1,98 8 Adponucentur= 833a
= Fe — comeprkarii XJI0putT
4,5 5 2,58 10 1,516 | 10 | 3,31 7 3,67 5 I'naykonur= 885
K (Fe, 4),
{(41, Fe)siy0,0} mH,0
4,50 6 1,524 | 10 2,623 8 | 2,580 8 1,728 3 Beitnemmr=

(4. Fe)y[on],
{(sia1), 0,0} Bt 0

Tabmuma 5



9L

[Iponomkenue Tabmuipr 5

d 1 d 1 d 1 d 1 d HasBanue Munepana Ne

n n n n n

4,49 8 10,50 10 3,23 10 | 2,61 8 6,44 ArtTarnyinprur= 899
Mnglz[OH]z[H2d4
{sis0,} BH,0

449 | 8 | 2570 | 10 | 1498 [ 10| 106 | 8 | 1,295 V= 840b
K Al [oH],
{4isi;0,0} mH,0

4,48 10 2,39 8 2,42 6 3,46 5 2,32 TlceBmoManaxur= 596
C”s[POza]z[OH] 4

4475 | 9 | 2580 | 10| 1,502 | 8 | 10,76 | 6 | 3.328 Tymbennr= 834
K Al [oH],
{aisi;0,0} mH,0

447 | 8 ] 998 | 8 | 256 | 8 | 150 | 8 | 331 V= 840
K 4 (Al Fe),[0H],
{4isi;o0,} mH,0

447 [ 10] 996 | 10| 332 |10 | 256 | 10 | 497 Cepuur= 837
K AlL[oH],
{aisi;o} mH,0

447 |7 1939 [10| 275 | 9 | 233 | 8 | 1.568 383

Kpuomur = Na; AIF




puanToB cpaBHeHus ( C AZ — KOJTMYECTBO coueTannii m3 M 1o P). s
Ka)KJIOT0 dTara CpaBHEHHS YMCII0 OKOHYATEIFHBIX BAPUAHTOB MOXKET OBITh
YMEHBIICHO TPH Y4eTe XUMHUECKOTO COCTaBa M (YM3NIECKUX CBOMCTB
M3y9aeMoi poOBI, KOTOPHIE SBISTIOTCS TOTIOTHUTEIBHBIMH TTapaMeTpaMu
CpaBHEHUSL.

Cremyer y4uThIBaTh, YTO OJHO3HAYHBIN OTBET O (Da30BOM COCTaBe
UccIeryeMoi mpoOsl B psifie ClTy4aeB MOMy4UTh O4eHb TpyaHo. Bee npen-
ToJIaraeMple BApHAHTHI SABJIIOTCS OCHOBOH ISl OKOHYATEIIHHBIX BHIBOJIOB
o (azoBoM cocTaBe uccuemryeMoi poOsl. Takol momxon MO3BOIISIET HC-
KJIIOUUTBh CyOBEKTUBHU3M, CBOMCTBEHHBII «PyYHOMY» METOIY BHIOOpa Ba-
PHaHTOB CPaBHEHHS, TAK KaK aHAIUTHK HE MOYKET OXBATHTh BCE BO3ZMOXK-
HBIE BAPHAHTHI, @ OTPAHMYMBACTCS JIMIIb TEMHU, KOTOPBIE MOACKA3hIBAIOT
€My WHTYHLHS U ONBIT, YIUTHIBAsL, KOHEYHO, BCE PEHTTEHOMETPHIECKIE
XapaKTEePUCTUKH IPOOBI.

J151s1 Bcex BapuaHTOB, BBIOPAHHBIX IO TOM WIIM UHOW CXEMeE IIPH pa3-
HBIX P, HEOOXOIMMO BBECTH KOJMYECTBEHHBIEC MOKA3aTeNN CPaBHEHHUS,
TO3BOJISIOILIE OMMCATh BAPUAHT (MIIM BAPUAHTBI) ONPEETICHHON KoJTye-
CTBEHHOM OLIEHKOH.

Kpurepuii onenku uncna ¢a3s B npode (K) MOXKHO PacCUMTaTh 110

hopmye:

np

r1e n —4ucno auHuil (n =3,5,8); p —uucio a3, BBIOpaHHBIX MAIIUHON
(unH BpyuHy0) U3 OMOINOTEK 3TAJIOHOB; ; — YHUCIIO UIMEIOIIUXCS Ha PEH-
TreHorpaMMe UCCIeTyeMoi mpoObl peduieKcoB u3 np -Hadbopa. O4eBHIHO,
0<K<I.

HaunGosnee nHTeHCHBHBIE pehIIeKChI yIUTHIBAIOTCS IIPU pacyueTe Kpu-
tepus K . Bapuantsl, mst kotopeix K = K, , TIonBepraroTcs ganbHeli-
meMy aHanusy. [loporosoe 3HaueHue K, ONpeENenseTcss KOHKPETHBIMU
YCIIOBHSIMH SKCIIEPUMEHTA W BRIOOPKOI BapHaHTOB cpaBHeHus. [IpenBa-
PUTEIIBHBIE HCCIIEI0BAHMS TIOKA3BIBAIOT, YTO IIPH K . < 0,4 BEPOATHOCTH
WCKJIFOYUTD M3 JABHEHIIEro pacCMOTPEHHUS PaBUIbHBIA BapuaHT HUY-
TOXKHO MaJla.

I[Mocne BbiOOpa o kpuTeprio K BapUaHTOB CPABHEHUS HEOOXOAUMO
KaXkJI0My peIIeKCy Ha PEHTTeHOrpaMMe IIPOObI IIOCTaBUTh B COOTBETCTBHE
pediiekc Ha CyNeprno3uLuK P PEHTTEHOrPaMM 3TaJIOHOB U 3aT€M PacCuu-
TaTh BEJIMYMHBIL:
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N N
5|p; - ]| S| =17 |
Q:l—jzl—a R:l—jzl—a (71)

2 N 2
>0, 31

tie D =D(d), nanpumep, d =d > wm d = d . HopMUpOBKa HHTEHCHB-
HOCTH OCYLIECTBIISAETCS 110 YCIOBUIO Y |F, e qy |FT : , ¢ —K¥oohpuny-
SHT HOPMUPOBKH, CYMMHPOBAHUE OCYIIECTBIISIETCS I10 OMHAKOBOMY YHCITY
pedaexcos.

O6nacteio cymiectBoBaHust 0 U R SBISIETCS MHTEPBAI [— oo,+oo] ,
OJTHAKO BapHAHTBI, JUIS KOTOPBIX Q) <0 U R < (), MOTYT OBIT OTOPOLICHBI
KaK HepealbHble. JTO 3HAUMT, 4yTo K,(, R CIIelyeT paccMaTpuBarh B
Ka4eCTBE BEPOSTHOCTHBIX OLICHOK BHIOOpA CPaBHEHUSI, KOTOPbIE MOXKHO
sanucath B Buzie K, O, R (manpumep, 0,993; 0,826, 0,740). U3 Bcex Bapu-
AHTOB CPaBHEHHsI HAHOOJIBIIYIO BEPOSATHOCTh COOTBETCTBOBATh M3ydac-
MO 1po6reme UMeeT TOT, y KOToporo K() HauOoJblLee.

@akTop R SABISETCS BCIIOMOTaTeNIbHBIM, TaK KaK HA €r0 3HAUCHUE
BIIUSIIOT HE TOJIBKO OLIMOKH SKCHEPUMEHTa, HO M LIeJIBI psif APyrux o0-
CTOSITE/ECTB, HAIPUMEP, YHCIIO JIMHUI JaHHOW (askl (r;) Ha PEHTICHO-

rpamme. Ecin 7 =1,70 R=1npu I’ =77

13.2. DieMeHTHl TEOPUHU KOJMIECTBEHHOTO PEHTTEHO(A30BOTO
aHanmu3a

KadecTBeHHBIN peHTTeHOBCKIH (Da30BBIN aHAIH3 SBISICTCS OCHOBOU
JUTSL TIOCIIEAYTOIIETO OMPEeIICHHUs COllepyKaHMs KPUCTAILIHIECKHUX (a3 —
KOJIMYIECTBEHHOTO (ha30BOTO aHAIH3A.

B obmiem cirydae HHTEHCUBHOCTE pediiekca Ha TIOPOIIKOBOM Jwid-
PAKTOTPaMME 1 jf/) OTIPEIEIIACTCS YCIIOBHEM:!

10e4)\2d A2

_ 1+cos” 20 7
Mm@m%H( (72)

F)— S = poyes

2
cosO&in~ 6
e /) — MHTEHCHMBHOCTH EPBUYHOTO ITYYKa; e, 71 — 3aPsjl U Macca dIIeK-
TPOHA COOTBETCTBEHHO; \ — JJIMHA BOJIHBI U3IIYYEHHS; ¢ — IMPHHA BXOJI-
HOM IIENH JIETEKTOPa; ¢ — CKOPOCTh CBETA; ; — PACCTOSHHE O0pasell-

JIETEeKTOp; P — (hpakTop MOBTOPAEMOCTH; [ — CTPYKTypHAas aMILUTUTYZA;
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6 —yron Byneda-bparros; 7 —temmneparypHsiii ¢aktop; 4 —adcopOru-
OHHBIN akTop; V' —ocBemaeMblii 00beM 00pasia; C —conepxaHue (Ga3bl
B CMECH, N — 4MCJIO aTOMOB B €MHHIIE 00BEMA.

J1st ApyTuX SKCIIEpUMEHTAIIbHBIX METO/IOB YCIIOBHE [UTsl pacyeTa He-
CKOJIKO MEHSETCS, HO BCEI1a MOXKHO [ (hk/) NMPEICTaBUTh B BUJIE:

Iy =Kye,»

e K; - K02 (OUITMICHT, 3aBUCSIIIA OT MHOTHX (baKTopOB' ¢, —coaepxa-

HUE (1)331:1 B 11po6e. Eci ipunsits K ; = const, o K, = =J),TakKaK ¢ =1;

lj b
10 — UHTEHCUBHOCTD j -TO peq)neKca YHCTOH | -TOH (ha3bl.

W3BecTHO, YTO PEHTrEeHOMETPUYECKUE OUOIMOTEKH CTaHIIAPTHBIX
00pasIoB C caMOro Havajga COCTAaBJSUIMCH M WCIIONb30BATUCH JIJIsI Kaue-
CTBEHHOT'0 aHAJIN3a. B HUX 70 CHX TIOp OTCYTCTBYFOT CTaHIAPTU30BAHHKIC
napaMeTphbl, KOTOphIC ObI 00JICr4aiy ONpe/IesiCHUe CoaepxKanuii a3 B cMe-
csix. CriemoBarenbHO, nanbHenas paboTa JomKHA IPOBOAUTHCS TIO Clie-
JTYTOIIIM HaIPaBICHHSIM.

1. Co3manue cTaHmApTHBHIX 0OPa3MoB (HE KapTOUYEK-ITATIOHOB) IS
aQHAJIMTUYECKUX JTa0opaTopuii. YUeT cTaHAapTHBIMHU 00pa3liaMH CHeITH-
(VKM M3ydaeMbIX BEIIECTB (CHIIMKATHI, CYITbGOUIBI, O0paThl U T. A.). Ompe-
JIefieHne UHTEHCUBHOCTH Pe(IekCOB CTaHAAPTHBIX 00PA3IloB IIEHTPAITH-
30BaHO YKCIICPUMEHTAIILHO U PACUETHBIM METOJIOM.

2. B xapTouku 3TamioHHBIX 00pa3I0B HEOOXOAUMO BBECTH XapaKTe-
PHUCTHKH, KOTOPBIE MOXKHO OBLIO OBbI MCIIONB30BATh JJIsl KOJIMYECTBEHHOTO
peHTreHorpagduueckoro (ha3oBoro aHanusa. BeIOOp Takux XapaKTepUCTHK
TpeOyeT MPOBEICHUsI CIICIHAIbHBIX UCCIeI0BaHUi. OO UX MPAKTHYECKON
3HAYMIMOCTH CBHETENHCTBYET TAKOU TIPUMED.

[penamonoxum, 9To B TAOIMITAX ATATIOHHBIX 00Pa3LOB, HAPSTY C IMe-
FOIITUMIICS TTapaMeTpaMHy, TIPUBEICHBI a0COMIOTHBIC (PaCCUNTAHHBIE) WH-
TEHCUBHOCTH XapaKTePUCTHIECKUX PE(IIEKCOB (TEX, KOTOPHIE ONICHIBAIOT
(asy no kmody). IlycTe OHM HMEIOT 3HaYEHHE JUIS j -TOW JIMHUU | ~TOM
daspr /9. Torma OTHOIICHHE UHTEHCUBHOCTEH ;-TOW M ¢ -TOH JIMHHIA
¢a3 | I/I]k HMEET BHJT;

By _dy e (73)
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B aTom otHOmEHMH [ / I1,, = h;, omnpenensercs JKCIepUMEHTAITb-

Ho, H, =1; /I, pacCUMTBIBAIOTCA U3 TAOIHLL, €CIH 1;] BBEJICHBI B Kap-
TouKu onpenenutens. OTcrona:
h ik
—0, =¢,,wm ¢, +T,c, =0
1 1 2
Hy
h N
e T, =—% . Kpome toro, y ¢, =1 (N —uucio das). To ectb Heobxo-
ik i=1

JIUMO pellaTh CUCTEMY N YpaBHEHMIA:

@ Se=1 (74)

1 D.

i=1
B +T,c, =0H
MO>HO HUCIIOIB30BaTh HECKOJIBKO MHOM IOIXO[, KOIZA B KAYECTBE

WCXOJTHOTO KPUTEPHS MPUHUMAJIACh UHTErPAIbHASI HHTCHCUBHOCTh BCEX
pedurexcos.

[Iycts cymMapHass HHTCHCUBHOCTE pe(dIICKCOB i -TOH (ha3sl

Uu,=y 10 - I MOXHO paccuTarh 1o CTPYKTypHOH Mojeni. Beenenne
J

yYKa3aHHBIX (MM aHATOTHIHBIX M) TIApaMeTPOB CYIIIECTBEHHO 00JIerdacT

TIpOIIeCC OMpENeIICHIUs coaep kaHuii a3 B mpodax.

Ha ocHOBaHMY ONKMCaHHBIX TEOPETHYECKHUX ACIICKTOB PEHTTEHOBCKO-
ro (a3oBoro aHaim3a 0co00¢ BHUMAHKUE B HACTOSINEE BPEMS YACISACTCS
pa3paborke 0a3 JaHHBIX U METOIUK Pa0OTHI ¢ 3THMU Oazamu. PaccMoTrpum
HEMHOT0 MOpoOHee 3Ty MpodIIeMy.

0000611251 TO, 0 YeM OBLIO CKa3aHO YyTh BBIIIE, MO’KHO PACCMOTPETh
OCHOBHBIC MTPUHIIMIBI PEHTTCHOBCKOTO (Ja30BOTO aHAIIN3a, KOTOPhIC 3aK-
JIFOYAIOTCS B CIICIYIOIIEM:

1) xaxxmas KpuctayutHueckast paza XapaKTeprU3yeTcsi CBOMM CIICIH-
(budeckuM Ui Hee TIOPOIIKOBBIM AU(PAKIIMOHHBIM CIIEKTPOM (HabopoM
d, 1), SIBISIIOIIMMCS €€ CBOCOOpa3HbIM TaCIIOPTOM;

2) IOPOIIKOBBIH NU(PAKIIMOHHBIN CIIEKTP OT CMECH KPHUCTAJLTUYEC-
KuX (pa3 sBIseTCS CyNnepro3uIrei CIEKTPOB BCEX BXOIAIINX B CMeCh (has3;

3) MHTEHCHBHOCTD JIMHUI AU(PPAKITHOHHOTO CrIeKTpa (a3bl 3aBUCUT
OT €€ OTHOCHUTEIILHOTO KOJIMYECTBA B CMECH;
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4) 10 MOPOIIKOBOMY JH(DPAKIIMOHHOMY CIIEKTPY CMECH BO3MOXKHA
KaueCTBEHHAs 1 KOJIMUECTBEHHAS OIEHKA COIEPKaHMUs KPUCTAIUTNIECKUX
(a3, IPUCYTCTBYIOIINX B aHATU3UPYEMOM 00pasIie.

[pakTrdeckoe perreHre npooaeMbl HASHTH(OUKAITTHT KOMIOHEHTHO-
TO cocTaBa cMecei (peHTreHoda3oBslif aHamn3 — POA) ocHOBBIBacTCS Ha
«TpeX KUTax»:

1) sxcniepuMenTe (TTOTy9IeHUE U PACUeT IMTOPOITKOBBIX UM PAKITNOH-
HBIX CIIEKTPOB YHCTHIX (Pa3 ¥ aHAIU3UPYEMBIX 00pa3IOB, JOBEIICHUE IKC-
MIEPUMEHTA JI0 YHCIIOBOTO PE3yIIbTaTa);

2) 6a3ax JaHHBIX (HAKOIUICHUE TOPOIIKOBBIX TU(PPAKIIMOHHBIX CIICK-
TPOB YHCTHIX (Da3 U HEKOTOPOH JOTIOJHUTENHLHON HH(DOpPMAIUK O HHX,
(hopMaThl ¥ UX COICPIKAHKE, OLIEHKA JIOCTOBEPHOCTH JIAHHBIX, KOMITIOHOB-
Ka 3Toi uH(opMaIum);

3) MeToMKaX TIOMCKa U BBIOOPA BEPOATHBIX (ha3 m3 0a3 TaHHBIX TIPH
pemrennn 3amaq POA (cTparerus u TaKTHKa).

PaccMoTpuM BTOpOM M TpeTHil pa3iensl dTOHW MPOOJIEMBI, TO €CTh
(dhopMupoBanre OHONMMOTEK WK 0a3 JAaHHBIX B COBPEMEHHOM WX TIpe-
CTaBJICHUHM W METONBI M3BJICUCHHS HEOOXOMUMON HH(pOpMaIui u3 0a3bl
JTAaHHBIX IPH pacimdpoBKe (Ga30BOTO COCTaBa AHATM3UPYEMBIX 00Pa3IIoB
MO UX TOPOUIKOBBIM JH(PPAKIIMOHHBIM criekTpaM. DopmupoBaHue 0a3bl
JTAHHBIX Pa3ZCsIeTCsS BO BPEMEHHU Ha PSiJ] ATAIIOB.

1. DTan HaKOIUICHHS «ITAJIOHHBIX» JTAHHBIX. Ha 3ToM 3Tarne HHTeHCHB-
HO HAKaIUTUBAFOTCS TIOPOIIIKOBBIE TU(PPAKIIMOHHBIC CIIEKTPBI YUCTHIX KPHC-
TAJUTMYECKHX (a3 U HEKOTOPBIX CMeCel (TOPHBIC MTOPOIBL, PY/IBI U IPOTYKTHI
VX TEXHOJIOTMYECKOTO TIepeieria, KepaMUKa, [IEMEHTHOE ChIPhE U KITMHKEPHbIS
Marepraibl, METAJUIBI ¥ CIUIaBBI, KPACHUTEITH, OPTaHNYEeCKHE BEIIECTBA H JIP. ).

2. JTar cucTeMaTH3alii HAaKOTUIEHHBIX TaHHBIX, 00pa3yIonmx 0a3y
JTAaHHBIX, U pa3paboTKa METOIOB MTOUCKA-BHIOOpA (COMOCTABICHUS) BEPO-
SITHBIX (Da3 13 0a3bl JaHHBIX TIPU HICHTH(UKAIIH BEIIECTBEHHOTO COCTa-
Ba CJIOXKHBIX MPUPOIHBIX 1 MIPOMBIIIIEHHBIX CMECEH KPUCTAITHIECKHX (a3
Y YCTAaHOBJICHUS HeM3BECTHBIX (HOBBIX) M YUCTHIX BEILIECTB.

3. ®opmupoBaHre 0a3 JaHHBIX HA MAITMHOYUTAEMBIX HOCHUTEIISX C
nosiBieHreM DBM, MeTons! ux (GOopMHPOBaHUS M CIIOCOOBI W3BJICUCHHUS
nuHpopmauuy npu nposeaeHnn POA.

Takum 00pa3zoM, B UCTOpHUYECKOM ImaHe ipodnema PDOA nomukpuc-
TAUTMYECKUX MATEPUATIOB COXPAHSET CBOIO aKTYAJIbHOCTh U €€ PEIICHHE
pacmazaercst Ha /IBa BpEMEHHBIX 3Tara — PyYHOW W MamuHHBINA. OCHOBY
MaImHHBIX MeTomoB PDA 00pa3yror KoMIuieKehl nudpakroMeTp-OBM u
COOTBETCTBYIOIIEE IPOrpPaMMHOE O0eCTIedeHHeE.

B Hacrosiiiee Bpemsi B pacriopsbKEHUH MOCTIeIoBaTesNe 1 aHaTUTHKOB
MMeeTcsl, TI0 KpaifHel Mepe, TpH ThIa 0a3 TaHHBIX TIOPOIIKOBBIX AU(DPaKITI-
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OHHBIX IAHHBIX YHCTHIX KPUCTAJUTMYECKUX (Pa3: a) PUiIbMOTEKH, 0) IITPHXO-
BbI¢ (CTOJIOMKOBBIC) THATPAMMBI, B) TAOIHIHI MEKIIOCKOCTHBIX PAcCTOs-
HUI ¥ MHTEHCUBHOCTEN (d, I/1).

Dunbmomexu — KOJVIEKLMY PEHTTEHOIPaMM TTOPOLIKOBBIX JH(paK-
IIUOHHBIX JaHHBIX YHCTHIX KPUCTAUIMIECKUX (ha3, HAPUMEP MUHEPAJIOB.
OHM HaKaIUTUBAIOTCS B TIPOLIECCE PaOOTHI U B TATBHEUIIIEM YCKOPSIOT MPO-
Tiecc orpeneneHus (a30BOro cocTaBa aHAIM3UPYEMOTo 0opasiia. ITo omn-
pezeneHue TPON3BOANUTCS IPSIMBIM COIIOCTABIIEHHEM PEHTTEHOTPaMM 00-
pasiia ¥ BEpOSTHEIX (a3.

OcHOBHOE OTpaHUYEHHE TaKOoW 0a3bl TAHHBIX COCTOHUT B TOM, YTO
PEHTTeHOTpaMMBI HEOOXOIMMO PETUCTPUPOBATH Ha OJHOM HI TOM XK€ Xapakx-
TEPUCTUYECKOM M3TyYEHHUH M B KaMepax Ha TOHHOMETPaX OAMHAKOBOIO
quametpa. To ecTs, 1S cpaBHEHHS HEBO3MOYKHO HCIIONIB30BaTh MTOPOILIKO-
BbI€ TU(PPAKIHOHHBIE CHEKTPBL, TOJTyYeHHBIE B APYTUX YCIOBUSIX: Ha APY-
TOM M3JIy4eHUH 1 B KaMepax APYTUX PasMepoB U THUIIOB.

INomck BeposTHBIX cTaHAaPTOB (UMCTHIX (a3, BXOASIIMX B COCTAB aHa-
JM3UPYEMBIX 00pa3LoB), KaK MPaBHUJIIO, OCYILECTBISIETCS IEpe0OpOM Beelt
WM 9acTd (PMIIBMOTEKH U TpeOyeT 3HAYUTENBHBIX 3aTpaT BPEMEHH! U OT-
JIMYHOM 3pUTEIHHON MaMSITU y aHAIUTHKA.

Jo cux mop (pMITbMOTEKH HCIIONB3YIOTCS B aHATNTHIECKUX U FCCIIe-
JTOBaTEIHCKUX J1a00paToOpHsX Il MACHTHU(HKAIINN, 0COOCHHO, KOTIa Be-
JIETCs paboTa ¢ OrpaHIICHHBIM YHCIIOM (Da3, BXOMAIINX B U3ydaeMble 00-
pasibl. UITBMOTEKH OKa3bIBAIOT OOJIBIITYIO TIOMOIIH HA TPEABAPUTETHHOM
JTare uAeHTH(UKAIIH (a30BOT0 COCTaBa aHATM3HPYEMBIX 00pa3IoB.

Ll Impuxosvie (CTONOUKOBBIC) Juacpammpl (IITPUX-TAATPAMMBI) — CXe-
MaTH4eCcKoe N300pakeHHe OPOIIKOBBIX JU(PAKIIMOHHBIX CIIEKTPOB YHC-
TBIX KPUCTAJUTMYECKHUX (Da3 1 aHaMM3UpyeMbIX MPo0, HAHECEHHBIX Ha I10-
JIoCcKM OyMary Uiy Ipo3pavHol IIIEHKH B HEKOTOpoM MaciiTade. Hamprmep,
10 ocH abCLMCC OTKIIAABIBAIOTCS WK PACCTOSHUSA OT LIEHTPA MEPBUYHOTO
My4Ka JI0 CEpEeArHBI JIMHUM CIIeKTpa (/ B MM), WK yibl qudpakiuu (0
WM 20 ), WM MEXIUIOCKOCTHBIE PACCTOSIHHS, a TI0 OCH OPJIMHAT — BEJIH-
YMHBI OTHOCHTEJILHBIX MHTEHCUBHOCTEH JMHuid (1/1)) .

baza nqaHHpIX B TaKo# (hopMe TT03BOJISIET TIPHUBECTH IIOPOITKOBEIC (-
PaKIMOHHBIE CIIEKTPHI (pa3 K OJJHOMY MacIiTaly, HE3aBUCHMO OT YCIIOBHI
TIOJTyYeHHs MX peHTreHorpaMM. Takve 6a3bl JTaHHBIX IIUPOKO HUCTIONB30Ba-
JIICh pa3HBIMH MCCIICIOBATENIIMA HapaBHE ¢ PHIIBMOTEKaMH. JTOT CIIOCO0
NpeCTaBICHHS CIEKTPOB BECHMA IOJIE3€H MPH paboTe ¢ M30CTPYKTYPHBIMU
COCZIMHEHMSIMU U M30MOP(HBIMH CMECSIMHU (TBEPIBIMH PAacTBOPaMH), TaK
KaK Ha IITPUXOBBIX JIHarpaMMax Jierde yCTaHABIMBAKOTCS BapUallid 000MX
HapamMeTpoB IU(PPaKLMOHHBIX CIIEKTPOB (d, I) . 11 B HacTosI1Iee BpeMs LITpU-
XOBBIE TMarpaMMBbl HEPEKO MCTIONB3YIOTCS B KauecTBE WLTFOCTPALMI pe-
3ynbraroB POA, Tak kak OHM BEChbMa HAIVISITHBI ¥ KOMITAKTHBIL,
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[Mpumep peHTreHOrpaMMbI CMECH, €€ IITPUX-AuarpamMma U ITPHX-
JarpaMMBbI ITPEIoIaraeMbIX KOMIIOHEHT, B3SIThIX W3 0a3 JJaHHBIX, TIPHBE-
IleH Ha puc. 35.

Q
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Puc. 35. Perrrenorpamma cmecu (a3, ee ITpUX-IrarpaMMa 1 ITPUX-AuarpaMMebl
npeanosaraeMsx (as, B3AThIX U3 6a3 JaHHBIX

Tabnuyor (d,1/1,) (cm. Tabm. 4) — HanOoIEe yHUBEPCATIBHBIH CIIO-
€00 npecTaBIeHIS HOPOIIKOBBIX AN(PPaKINOHHBIX CIEKTPOB. Mexmioc-
KOCTHBIE PACCTOSIHUSI BBIYUCIIOTCA 10 ypaBHeHHIO Bynbga-bparros
(2d sin @ = n)\) , a OTHOCHUTE/IbHbIE UHTEHCUBHOCTH OLIEHUBAIOTCS BU3Y-
anbHO WM MHCTpyMeHTanbHO 1o 100 (10)-0anpHOi 1mIKane, TO ecTh Bce
NpENCTaBICHO B YHCIIOBOH (popme. OTHAKO O CHX MOP HEKOTOpbIE Hay4-
HO-TEXHWYECKHE N3/IaHMs JIOITy CKAIOT UCIIOb30BaHMe OyKBEHHBIX 0003HA-
YCHUH YIS OICHKW MHTEHCUBHOCTEH JIMHUI ITOPOITKOBBIX AM(PaKITHOH-
HBIX CIIeKTpoB. IIpu TakoM crmocoOe OIEHKHW WHTEHCHUBHOCTEH JIHHMIA
CHIDKAETCSI KaueCTBO JTAHHBIX U YCIOXKHSIETCS X MCIIONB30BaHUE B aBTO-
MaTHU3UPOBAHHBIX 0a3aX JaHHBIX.

[IpenmymiecTBo 3TOTO THHA 0a3 MAHHBIX 3AKITIOYAETCS B TOM, YTO
BEJIMUMHA ¢ HE 3aBHUCHT OT YCJIOBHI dKcriepuMenTa. Kpome Toro, mud-
PaKLUMOHHBII CHEKTpP B YUCICHHOM (hOopMe JIETKO MEPEBOAUTCS Ha Mallli-
HOYMTAEMBbIC HOCUTENH, 1 OJlarofapsi 5TOMY CTaja BO3MOXKHA aBTOMAaTH3a-
115l PEHTTEHOBCKOIO (pa30BOro ananusa. B 6azax naHHbIX TaOmuum! (d, /1)
00pa3yoT OCHOBY KapTOUKU-IOKYMEHTA, XapaKTePU3YIOLIETO CIIPABOYHBII
(nHpOpMAIMOHHBIN) cTaHIapT. bazam JaHHBIX TaKOro THIIA C CAaMOT0O Ha-
Yajia HanOOoJIbIIIee BHUMAHHE YIS (PU3UKH, XUMUKH, TEOJIOTH M Me-
Tawrypru. PazButre 6a3 TaHHBIX TOPOIIKOBBIX AU(PAKIIMOHHBIX CIIEKT-
OB CTaHIAPTOB C CAMOTO HavaJIa X CO3IaHMS IO T10 IBYM HAIPaBICHHSIM:
CO3/1aBaJINICh YHUBEPCANBHBIE U CIICIUATN3NPOBAHHBIE 0a3bl JaHHBIX.
[TpyHIMn moctpoeHns nx oarHaKoB. Ilocie Toro kKak ObUTH HAKOTIIEHBI
MIPEIM3UOHHBIE TaHHBIE O TTapaMeTpax PEeIIeTKH U MOTyYeHbI BHICOKOKa-
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YeCTBEHHBIC CTPYKTYPHBIC MOZICIIH JIIS PA3HOOOPA3HBIX KPUCTAITMIESCKUX
(ha3, mmporoe mpruMeHeHne DBM T03BONIMIIO pa3BUTh HOBOE HAIpaBJic-
HHE B TIOJlyYCHHH TTOPOIIKOBBIX MH(MDPAKIIMOHHBIX JIAHHBIX — PACCUHMTAH-
HBIX ITOPOIIKOBBIX PEHTreHOrpaMM. Takue OPOIIKOBbIE CTaHJaPThl HMe-
IOT Pl IPEUMYILIECTB TIepe]l IMITUPUICCKIMHU, & UMEHHO: BCE JIMHUU
CIIEKTPa MOXKHO OTHO3HAYHO MPOUICHTHU(DHUIIMPOBATh; MPU OIUHAKOBBIX
MEXIIOCKOCTHBIX PACCTOSTHUSX BO3MOXKHO OLICHUTh BKJIaJ K010 ped-
JieKca B OOIIYH0 MHTCHCHBHOCTh JINHUHU; HMEETCS BOBMOYKHOCTh UJICHTH-
(ULMpOBaTH MPOMEXKYTOUHBIE WICHBI H30MOP(HBIX cepril (00 3TOM yixe
TOBOPHJIOCH BBIIIIE).

KommuectBo coneprkarerics nHGOpMaIMi B YHUBEPCAIBHBIX 0a3ax
JIAHHBIX MOPOIIKOBBIX CIIEKTPOB CTAHIIAPTOB YISl OOJIBITMHCTBA AHATUTH-
YecKHUX J1a00paTopHid, Kak MpaBuiio, i30bITouno. [losToMy coznaBaich crie-
UAITM3UPOBAHHBIE OTIPEICITUTEIH UITH TT010a3bI IAHHBIX ¢ MEHBIIINM KOJIH-
YECTBOM CIIEKTPOB CTaHAAPTOB, Harrpumep, MuHepaitsl (Powder Diffraction
File — PDF, 1992). Kpome Tor0, 110 HHHIHATHBE «MeKTyHapOIHOTO IIEHTPa
mudpakoHHbIX JaHHBX (ICDD)» BRIycKaeTcs psif CHeIHaIn3upOBaH-
HBIX Ton0a3 (Powder Diffraction File and Related Prodacts, 1994—1995).

Uto0b1 00ecIeunTh TMOTHOTY WH(GOPMAIMHA U yUeCTh TPeOOBaHUS,
NpeTbSIBIIEMBIC K CTaHAapTaM B 0a3aX JJaHHBIX, HeOOX0MMMa YHH(DUKAIs
WX OIMUCAHWS. DTO JIOCTUraeTCs MPUMEHEHUEM CTaHIAPTHOW KapTOYKH-
JIOKyMEHTa, KOTOPast MOXKET MCIIOIB30BAThCS KaK MPH MOITOTOBKE TIOPOIII-
KOBBIX JT(PPAKIIMOHHBIX JAHHBIX JIIS IOMEIICHUS UX B HAIIMOHAIILHEIC U
MEXKIyHAPOIHbIC OAHKH JaHHBIX, TaK U MPH MOATOTOBKE X JUIS TyOITuKa-
VY B HAYYHO-TEXHUUECKUX N3IAHUSIX.

Hcnonp3oBanue GpopMaToB HHGOPMAMOHHBIX CTAHAAPTOB OOecIIe-
YMBacT YHH(GHUIUPOBAHHOE ONMMCAHKE JAHHBIX HE3aBHCHMO OT YCIOBHI
WX MTOTYYCHUsI ¥ TIO3BOJISIET OIIEHUBATh UX KaYeCTBO COOTBETCTBYIOIIIMU
KpUTEpHUsIMU KadecTBa (HaJIeKHOCTH), IPUMEpP KOTOPOTO MPHUBE/ICH BBIIIIE
(bopmymet (71)).

B cunty nienoro psiia 00CTOATENHCTB OTHY U3 TIEPBBIX 043 JaHHBIX JUIS
peHTIreHOrpadMuecKoro ha3oBOro aHau3a ObLIH CO3aHbI ISl UACHTU(DU-
karuu MuHepaiioB. [loaToMy ocoOeHHOCTH 3THX 0a3 TAHHBIX JOCTATOYHO
XOPOIIIO U3BECTHBI K MOTYT OBITh HCIIOJIb30BaHbI IIPH CO3/JAHUHU aHAJIOTHY-
HBIX 0a3 JaHHBIX IS BEIIECTB APYTHUX THUTIOB.

[TpuponHbIe BelecTBa — MUHEPAJbl — B OTIIMYUE OT CHHTETUYECKUX
XUMHYECKUX COCIMHEHUH XapaKTepH3yIOTCs HEKOTOPBIM TIOCTOSTHCTBOM
ANIEMEHTHOT'O COCTaBa ¥ OTPAHIYEHHON HEOTHOPOTHOCTRIO. [T09TOMY Kaxk-
JIBIA TUAarHOCTUYECKUN NPH3HAK XapaKTepH3yeTcs He OTHUM 3HaueHUEM
BEIIMYHHBI, @ €€ JTUANa30HOM, TO €CTh SBISICTCS CTATUCTHYESCKON BEITHIH-
HOMW. DTO, B CBOIO OYEPEIh, 00YCIIOBICHO TEM, UTO MUHEPAITBI 00pas3yrOTCs
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B HEKOHTPOJIUPYEMO MEHSIIOIIUXC (PH3UKO-XUMUYECKUX yCcIoBusx. [lox
JISCTBHEM H3MEHSIOIIUXCS TEOJIOTMIECKIX 00CTaHOBOK OHH IPETepIieBa-
FOT BO3ICWCTBHS, PUBOAAIIE K BOSHIKHOBEHHIO PEAKIUH B TBEPIOM
cocrtostHAM. 110 3TMM nprYrHAM MUHEPAITBI JIUIITH C HEKOTOPOH CTETICHBI0
YCIIOBHOCTH MOXXHO paccMaTpvBaTh B KadecTBE MH()OPMAIIMOHHBIX WA
CIPaBOYHBIX CTAaH/IAPTOB.

W3BecTHO, 9TO IPUPOIHBIE CHCTEMBI KPOME OCHOBHBIX KOMITOHEHTOB
coziepkar pazHooOpasnble mpumecu. [1o3ToMmy XUMHUYeCKuii cOCTaB MHUHE-
paJIOB YacTo HE CIIEAYET CTPOrO CTEXUOMETPUUYECKUM OTHOIICHUSM. Pe-
allbHasl CTPYKTYpPa MHUHEPAJIOB B Ps/ie CIy4YaeB OTIIMYACTCS OT CPEIHEH
(MneanM3upPOBaHHOMN ) CTPYKTYpPBL. B cHITy HEKOHTPOJIMPYEMOCTH IPUPOJI-
HBIX IPOIIECCOB MUHEpaIaM Mpucylm nedekTsl paznuyHoro poaa. Bee
3TO BJIMSET Ha MOPOIIKOBBIE IM(PPAKIIMOHHBIE CIIEKTPBI (Habops! d, /1, ),
M3MEHSIoIMueECs 0T 00pasia K 00pasiry, B KOTOPhIX HaOIIONal0TCs Bapya-
IIUH MEXIIOCKOCTHBIX PACCTOSIHUH M OTJETIbHBIX MHTEHCUBHOCTEH, HCKa-
keHne GopMbI pedIeKCOB M I3MEHEHHUE YHCTIa JIMHAHN B CIICKTPE.

Ommaus peaTbHON CTPYKTYPhI MUHEPAIOB OT CpEIHEH (MIeaTin3u-
POBaHHOM) CTPYKTYPBI B TOHM HIIM MHOH MEpe OMPENEISIOTCS YCIOBUIMHI
nX 00pa3oBaHMA U CymiecTBOBaHMsA. C qPyroi CTOPOHEI, peaTbHas CTPYK-
Typa HeceT B cebe MHPOpMAIINIO, KOTOpasi OTpaXkaeT YCJIOBUS 00pa3oBa-
HUsI (MX pa3indus oT o0pasiia kK 00pasily) MUHEPAJIOB — 3TO UX THITIOMOP(]-
Hble 0coOeHHOCTH. [103TOMY «OYHCTKAY», «HCIPABICHHUE MOPOIIKOBBIX
CIEKTPOB MUHEPAJIOB MOXKET BBI3bIBATH MOTEPIO 3TOM BaYKHOW I'€OJIOTH-
yeckoii uadopmarn. Habnronaembie pa3nniuns Mex Iy MUHEpaJIaMU U UX
CHHTETHYeCKUMH aHAJIOTaMH BBI3BIBAET JOTIOTHUTEBHBIE TPYAHOCTH U OC-
JIOXKHSIET Tpotiecc nmpopesieHus: POA.

Paccmorpum nonmpobHee CTPYKTYpy yKazarelst KOMIUIEKCOB HHQOP-
MaTHBHBIX JIMHAN CTaHAApTHBIX (ha3. B okoHgaTenmsHOM GopMe ykazarens
TaKWX JIMHUNA B KOMITIEKCE OCTABJICHO IISITh. JTO CaMble CHIIbHBIC JIMHHUN
TOPOIIIKOBBIX CIIEKTPOB MHHEPAIIOB. B cTpouKe yka3aresnsi OHH pacroara-
FOTCsI B TIOPSIJIKE YMEHBIIICHHUST MHTEHCUBHOCTH. [Ipy coBmajieHun nHTEH-
CUBHOCTH JIMHUH HA IEPBOE MECTO B CTPOKE 3aITUCHIBACTCS JIMHUS C HAU-
OOJNBIIMUM 3HAUYCHHEM MEXKIUIOCKOCTHOTO PACCTOSHUSA. 33 KaKIbIM
KOMILJICKCOM 3HaYE€HHUN MEKIUIOCKOCTHBIX PACCTOSIHUI U UX OTHOCHUTEITh-
HBIX HHTCHCHBHOCTEH B CTPOKE yKa3aTeJIst PUBOAUTCS HA3BaHUE MUHEpa-
Jia Ha PYCCKOM M aHIJIMHCKOM SI3bIKaX, U HCATM3UPOBAHHAS XUMHUUECKAsT
(dhopmyna MuHepaia. B mocnenHeit rpade ykazaress 3arcan HoMep Tadmm-
II6I KAPTOUKH (MIACHTHDUKATOP) (CM. TabiwmITy 5).

Kaxxmas nuHus KoMIUTeKca myTeM NUKITHIECKOi TepeCTaHOBKH BbI-
BOIUTCS Ha MEPBYIO MO3UIHIO B CTpOoKe. Takum oOpa3om, B ykazarenie
KaKIBIH MHHEpAJ 3alKChIBACTCS TPU-TIITH WK OONbIe pa3. B mepBoii

85



KOJIOHKE yKa3aTessi-KIIFo4a BCe 3HAYCHHS XapaKTEePHOTO KOMILICKCA JTMHUN
pacrionararoTcs B TIOPSIKE HX YMEHBIIICHUSI, TO €CTh IPAKTUUESCKH TIOBTOPSI-
€TCsI KITFOY, UCTIONIB30BABIINICS TIPU «PYUYHOI» paboTe ¢ OTpeIeITUTENIEM.

BropsiM ykazareneM «peHTreHOrpaduaecKoro onpeIeluTeNs MUHe-
pajioB» sBIsieTCS al(aBUTHBIN yka3arenb. B HeM MpUBOASATCS Ha3BaHHS
MUHEPAJIOB 10 aJI(haBUTY, TPH 3HAYCHUST MEKIUIOCKOCTHBIX PACCTOSTHHIN
HanboJiee MHTEHCUBHBIX JIMHUN W HOMEp TaOmuipl. Takum oOpazom, 1o
Ha3BaHUIO MUHEpaJia BO3MOXKHO IIPOBEPUTH €r0 IMPaBUIILHOCTh, COMTOCTA-
BUB €r0 CaMble CUIILHBIC JIMHUK C TPEMsI HJIH MSIThI0 MHTEHCUBHBIMHU JIH-
HUSIMU CTaHJIApTa, WM MPOBECTH CPABHCHUE MOTYYCHHBIX aHATUTHKOM
MOPOIIKOBBIX JIAHHBIX C MOJHOW TAaONUIeH CIICKTpa CTaHIapTa, Hal sl €0
0 HOMEPY Ta0HIIBI-KapTOUKU. To €CTh, PY HAIMYWK Ha3BaHHSI MUHEPa-
Ja 1o andaBUTHOMY yKa3aTei0 BO3MOKHO CYIAMTh O TIPABHJIBHOCTH Ha-
3BaHUS OTIPEIEIIeMON (Dasbl.

EskerojiHoe yBeIMUeHUE YHCIIa IOPOIIKOBBIX CTAHIAPTOB IIPHMEPHO
Ha JIBE THICSIYM KAPTOYEK CYIIECTBEHHO YBEIIMUMBAET 00BEM OTpe/ieInTe-
JIel M YCIIOXKHSET TPOIIEAYPY TIOMCKA BEPOSTHBIX CTAH/IAPTOB MPH HJICH-
taduKarum Ga3 1 onpeaeracHus (a3zoBoro COCTaBa aHATM3UPYEMBIX 00-
pasroB, TpeOys Bce OobIMX 3aTpar BpemeH: Ha PDOA. OganMm u3 myTei
BBIXOJIa U3 ATOW CUTYAIIUH SBJSICTCS CO3/IaHKE CIICIIMAN3UPOBAHHbIX 0a3
JIAHHBIX MEHBILET0 00beMa U MPETHAZHAYCHHBIX JIIS PEIICHUS YaCTHBIX
3aqa4. Hanmpumep, moibasa TaHHBIX: MUHEPABI, CYTb(UIIBI, 0JI0BOCOICP-
JKaIlyie MHHEPAITBI U T. I1.

Hcnonb3oBaHue TakuX MUHU-(AIOB COXPAHSIET BO3ZMOXKHOCTh «Pyd-
HOTO METOIa» UIICHTH(UKAIIMN U 00eCIIeurBacT yMEHbBIIICHHE 3aTpart Bpe-
MeHH Ha 3Ty padory. UtoOsI paboTarh ¢ MOHOW KapTOTEKOM, KoTopas B
HacTosiee Bpemst HacuuThiBaeT 0oiee 80000 kapTodeK YUCTHIX (a3, abco-
JIFOTHO HEOOXOTMMO HCIIOB30BaTh COBPEMEHHBIE KOMITHEOTEpHBIE HH(DOP-
MaIIOHHbBIE TEXHONOTHH. [Ipy 3TOM HIET YCOBEPIICHCTBOBAHHE ITONUCKO-
BBIX METOJIMK, HATIPEMEp, YUIUTHIBAS CIICIYIOIINE MPABUIIA.

1. Bce MOpoIIKOBBIE CIIEKTPHI CTAaHAAPTOB BKIIFOYAIOTCS B ONPEICIIH-
TEJTb [T0 MEHBIIIEH Mepe OIMH Pa3 C Mapoi MEKIIOCKOCTHBIX PACCTOSTHHUN
(d,,d,), tne d, — camas wHTeHCHMBHas, d, — CIeMyrOas 3a HEW 10
WHTCHCUBHOCTH JIMHHSI.

2. Kommuieke MH(GOPMATHBHBIX JIMHHN CTAHIAPTOB TPEJICTABICH B
ykasarene ABaXAb: (d,,d,). (d,,d,), ecnmu I,/I,>0,75, a
L/I,<0,75,10¢€ctb [, > 1, >1,.

3. Komrurexe nHGOpPMaTHBHBIX JIMHKUN CTAaH IapTa PE/ICTABIICH B yKa-
3aresie Tpems samucsamvu: (d,,d, ), (d,,d,), (dy,d,),ecm, I, /1, > 0,75,
L/I,>0,75,a I,/1, <0,75, 10 €ctb [, >1, >1,>1,.
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4. 3armck koMIuTekca HHGOPMATHBHBIX JIMHAN CTaHIapTa B yKa3are-
Jie IPOM3BOMUTCS YeThIpe pasa: (d,,d,), (d,,d,) (d;,d,), (d4,d,),
ecu 1,/1,<0,75.

B pesynbrare Takoro crnoco6a OneHKH MHTEHCUBHOCTH COOTHOLIE-
HUS TMHUHA HHQOPMATUBHOTO KOMILJIEKCA ITOTy4aeTCsl HECKOJIBKO 3armcei
JUTSL OJTHOM (pazbl.

Hcnonk30Banne MOPOMIKOBBIX TU(PaKIMOHHBIX CIIEKTPOB CTaHAAp-
TOB B YKCJIOBOW (hopMe, ¢ OJIHON CTOPOHBI, O3BOJIITH CO3aTh YHHUBEP-
CabHYT0 06a3y JaHHBIX, a ¢ IPYTOM — pa3paboTaTh CTPATETHIO TIOMCKA, BHI-
0opa M COIMOCTaBJICHHUS BEPOSATHBIX CTAHJAPTOB M3 0a3 JIAHHBIX MO
KOMIUTEKcaM WH()OPMaTHBHBIX JIMHUH CIIEKTPA.

YkazaHHbIe TIpaBWiIa MOTYT OBITH UCIIONB30BaHBI U B TOM CiIydae,
€CIIM CTaH/IAPThI 3aNMCeH B PA3IMYHBIX 0a3aX JJAHHBIX HECKOJIBKO OT/IHYa-
FOTCSI IPYT OT Apyra. Takue OTin4us MOKHO HAWTH, HAIIpUMeEp, B Ta0JIH-
ax MexyHaponHoro oopasua u npusstoro B CCCP. [ocnennuii coxpa-
Huics 1 B Poccun, u B benopyccuu 1, B PpUHLINIIE, JIETKO COIIACYETCsI C
MEXITyHapOJIHBIM (Ta0M. 6)

Tabimma 6

[Tpumep Tabmur popMaToOB YHCIOBBIX 3HAYEHHNA TOPOIIIKOBBIX
JM(PaKIMOHHBIX CIEKTPOB

1. MexxayHapoHbIi

OCHOBHBIE HOHOJ’IHHTCJ’IBHHC

Zeu:e‘vta(o) I/IO du:ew’(;l) hkl en(o)

2. OteuectBennslii (crangapr CCCP)

du&w > (HM) d@bw > (HM) 1/10 hkl da (HM)

HeobOxoqumo o0paTtuTh BHUMaHHE Ha TOT (DakT, 4TO TaOIHIIBI
(d,I/1,) crangapTHeIX (a3, MOMEIIEHHBIX B 0a3y JaHHBIX, U CIIEKTPBI
aHAIM3UPYEMbIX MATEPUAJIOB IOJIy4ar0TCs U3 dKcriepruMenTa. Ciie10BaTelib-
HO, OHH OIPE/IC/ICHbI ¢ HEKOTOPBIMU MOIPELIHOCTAMH, U B OOJIBIITUHCTBE
CBOEM 3TH IOIPELIHOCTH aHAJIMTHKY HE M3BECTHBI, O YeM CJCAYET I10-
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MHHTH TIpH uaeHTUUKaun. Kpome Toro, BEmIECTBO CTaHIapTa MOXKET
MMETh HECKOJIbKO MHOM COCTaB, 0COOCHHO €CIIM B Ka4eCTBE CTAaHIapTOB
UCTIONB3YIOTCS MUHEPAIbHBIE (Da3bl, U MOTYT HE COBITA/IATh 3HAYEHUS d C
9KCTIIEPUMEHTATFHBIMA TaHHBIMHU aHATM3HPYeMOi ipoOsl. U 310 ciexyer
BCET/[a YYUTHIBATH TP MPOBEICHNH HACHTH()UKAIINH.

13.3. Cuctema aBTOMaTH4ECKON HICHTH(HUKAIIMH BEIICCTB
M0 pPEeHTreHOrpaMMam

Hanwuuue B criekTpax cTaHIapTOB KOMILIEKCA HH(POPMATHBHBIX JIMHHI
TIO3BOJIWIIO CJIEJIaTh (OIPENIENINTh) CTPATErHIO TOMCKA — BhIOOpa B (popme
JIByX3TAIHOTO Tpoliecca uiaeHTU(HKamK. [lepBoiii 3Tam moucka BeposT-
HBIX CTAHJAPTOB COCTOUT B COIIOCTABJICHUN HAHOOJICe NHTCHCUBHBIX ped-
JIEKCOB aHAIIM3UPYEMOro o0pasiia ¢ JIMHUSMU CTaHAAPTOB IO yKa3aTelo
HUH(POPMATUBHBIX JIMHHUIA C TEM, YTOOBI HAWTH HOMEPa KapTOUEK HITH TaOJIHI]
BEPOSITHBIX CTaHIAPTOB. Ha BTOPOM 3Tarie conocTaBIsOTCS TIOJHBIE CIIEKT-
pBI CTaHIIAPTOB U aHAJM3UPYEMOH MPOOKI, IPU ITOM KOJUYECTBA JIMHHUN
CpaBHEHHS CTaH/IAPTa U aHATM3UPYEMOU IIPOOBI MOTYT CYIIIECTBEHHO OTIIH-
yarbcst. KpoMe Toro, 3a/iada OCIOKHSAETCS TeM, YTO Ha PEHTTeHOTpaMMax
CTaH/apTa U HMCCIIENYeMOro BEIIeCTBA HHTEHCHBHOCTH Pe(IIeKCOB MOTYT
OBITH TIEpepacIIpeIeNieHbI, TO €CTh TPH CPABHEHHUH TI0 YKa3aTemmo (KITH0Ty)
MPOW30MJIET COBIAJICHHUE JIMIIb YacTH Pe(IICKCOB, TAKE €CIIA BEPOSTHBIN
CTaHAAPT BLIOPaH MpaBUIbHO. [Ipy TOM aHATUTHK, Kak MPABUIIO, YIUTHI-
BaCT JIOMOJIHUTEILHYIO UH(DOPMAIIMIO, HATIPUMEP, 00 IIEMEHTHOM COCTaBe
U IpyTUX CBOWCTBaX, MMEIOIIMXCsl y Hero. Ha puc. 36 u3oOpaxena Omok-
CXEMa 3TOW CTPaTerny pEHTIeHOrPadIECcKoro (aszoBOro aHaIM3a.

Hammawme B 6a3e TaHHBIX OOJIBIIOTO YKCIIa KAPTOUEK CTaHIapTOB Jie-
JIaeT MPOoIiecC UICHTH(HUKAIMN TOCTATOYHO TPYIOSMKUM H JITTUTEITEHBIM.
Kpome Toro, pe3ynsrarsl WaeHTH()UKAINH | BBIBOJBI 3aBUCST OT ONBITA U
WCKYCCTBa aHAIIMTHKA, U TIO3TOMY OHH HOCST B U3BECTHOU Mepe CyOhek-
THBHBIN Xapaktep. OJJHAKO PyYHON METO HICHTU(DHKAIMH IO TTOPOIIKO-
BbIM JTU(DPAKIIMOHHBIM CIIEKTPaM aHAIU3UPYEMbIX MaTepUajIoB U B OyIy-
1ieM OyJIeT HCIOJIL30BaThCs, TIIABHBIM 00pa30M, TP PadoTe ¢ BU3yalIbHO
H3MEPEHHBIMH JaHHBIMU. [103TOMY €CTECTBEHHBIM IIaroM pa3BuTHs POA
SIBUJIACh Pa3pabOTKa aBTOMATH3UPOBAHHBIX CHCTEM HACHTH()UKAIUKA Ha
6aze DBM KOMITIOHEHTOB COCTaBa aHAIM3UPYEMBIX 00Pa3LIOB.

Kaxk yxe nmom4epkuBajioch BHIIIE, C yBeIMYEHUEM 00beMa 0a3 J1aH-
HBIX TIOPOIIKOBBIX AU(PAKIIUOHHBIX CIIEKTPOB CTaHIAPTOB BO3POCIIA TPY-
JnoeMKocTh PDA, a 3arparbl BpeMEHH Ha TIOMCK BEPOSTHBIX CTaHIAPTOB
AHANM3MPYEMOTo 00pa3iia YBEJIHYMINCh HACTONBKO, YTO CTall BOIIPOC O
ero peHTtabenpHOCTH. BO3HUKIIA HEOOXOMMMOCTh aBTOMaru3aru PDA.
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C 60-x romoB XX Beka Ha4YaTO HHTEHCUBHOE UCTIONB30BaHKue DBM B pen-
TreHOCTPYKTYPHOM aHAIIM3€E, a TalkKe pa3padoTKa METONOB M MPOrpamMM
aBTOMaTHYECKON JICHTU(PHUKAIINN PEHTTeHOBCKUX AU(PAKIINOHHBIX CITIEK-
TPOB C TIOMOIIIBIO KOMIIBIOTEPOB. VccieoBanist ObLTH HAIIpaBJIeHbI, B TIEP-
BYIO O4Yepe/ib, Ha PEIIeHHUE JIBYX OCHOBHBIX IIPOOIEM:

1) dhopmupoBaHe MaIMHHON 6a3bI TaHHBIX (pa3padoTka ymoOHOTO
MAaIIMHHOTO JopmMaTa);

2) moruyeckast U MareMarideckast (popMan3alis METO/IOB KaueCTBEH-
Horo POA (coznanuie 3p(heKTHBHBIX alrOpUTMOB aBTOMaTHYECKOM MICH-
TU(UKAIUH, COMDKEHNE KaYeCTBEHHOTO U KOJMYeCTBEHHOTO PDA).

O6bem HHPOPMALIIHY, CONEPKAIMICS B CTAHIAPTHOM KapToUKe, J10-
CTUTAET OTHOTO KMy100aiiTa, TAKMM 00pa3oM, yHUBEpcabHast 0a3a TaHHBIX
ICDD B HacTositiee BpeMsi COIEepKUT HH(POPMALHIO, TIpeBbIatontyio 100
MerabaiToB. []1is1 ee xpaHeHns1 HeOOXOMIIMBI KOMIIAKTHBIE HAKOTINTEITH THIIA
CD-ROM (tummunstiit CD-ROM—compact disk read only memory — mo-
JKeT cofieprkarhb 10 680 MeradalT TaHHBIX ), MPOrPaMMEI CXKaTHs HHPOpMa-
uH. ABTOMaTH4YecKast MAEHTH(UKALKS C TIOMOIIBI0 MAITHHHON KapToTe-
K{ 3aKJTIOYAETCs B HEMPEPHIBHOM H MHOTOKPaTHOM YT€HHH MH()OPMAIN
¢ MamuHHBIX HocuTener (MHJI mmm MHJI).

Tak xak oOMeH nHMopManuel Mmexxay Haxonuresnem u O3Y OBM —
JIOCTaTOYHO JUTUTEbHBIN MPOIIECC, TO OH, B KOHEUHOM CUETE, ONPEIeIAeT

Topomxossre mannsie (d, [ / 1)
aHaIM3UpyeMoro oopasua

v

IlepBblif 5Tan noucka-BeId0pa ¢ VYxka3atensb (K1109)
BEPOSITHBIX CTAH/APTOB UH(POPMATHBHBIX JIMHUIT

v

Bropoit 3Tan noncka-seibopa ¢ baza naHHBIX TOPOIIKOBBIX

BEpOSITHBIX CTAH/APTOB CIIEKTPOB
3aKIIounTeIbHbIH JTan JlononHuTtenbHast HHPOpMAIHs
HUACHTU(DHUKALINT \¢—— 00 aHanmu3upyemomM obpasiie

Puc. 36. Cxema cTpaTerny IMoNCKa-BEIOOpa BEPOSTHBIX CTaHAAPTOB
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OBICTPOJICHCTBHE MPOrPaMM aBTOMATHYECKON HACHTH(UKAIMU. ITO 00-
CTOATENHCTBO MPUBENIO K 3HAYUTETIHHOMY YIIPOIIIEHHIO MAIIMHHOTO (hop-
Mara KapTOYKH, OITMCHIBAIOIEH JaHHbIe cTaHnapTa. biarogaps stomy, Bce
CHCTEMBI aBTOMAaTUYECKOW WACHTHU(PHUKALNHI HCIOIB3YIOT 0a3y JaHHBIX
CHENaIbHOTO (popMaTa U CTPYKTYPHI, TIO3BOJISIOIIHE TTIOBBICUTH OBICTPO-
JIeiCTBHE TIPOIIETyPHI TIOMCKA M BEIOOPA BEPOSITHBIX CTaHAAPTOB, TOUYHEE
WX ITOPOIIKOBBIX CITEKTPOB.

Hawnbornee BaXHBIM MOMEHTOM TIPOLIECCa ABTOMATUYECKOM UIICHTU(U-
KallUH SIBISIETCS. BO3MOXKHOCTB OBICTPOrO MpOCMOTpa 0a3 JaHHBIX U TOJTyYe-
HHS YMCIIOBOM XapaKTEPUCTHKK CTEIICHN COBIIAJICHHS CIICKTpa CTaHIapTa C
W3y4aeMbIM CIIEKTpOM. J[0CTOBEPHOCTh 3TOM XapaKTEePUCTUKH 3aBUCUT OT
TIPUHSITOR MOJICIH CIIEKTPA, TIPY MPOBENICHHN UACHTU()MKAIIUH, U CIIOKHOC-
TH BBIYUCIIIEMOT'0 KPUTEPHS COOTBETCTBHS COTIOCTABIISICMbBIX CIICKTPOB.

Hrak, mpobiemMa Kak pyqHOH, TaK U aBTOMATU3UPOBAHHOHN HIICHTH-
(hyKaIK 3aKITF0YAETCsT B TOM, YTOOBI HAWTH Takoi HAOOp CTaHIApTOB, B
KOTOPOM MOYKHO OOHAPY>KHUTh CIIEKTp, HanOoJIee OTM3KUH K CIIEKTPY aHa-
TU3UPYEMOTO MaTepuaia. 3aberas BIiepes, ClIeAyeT yKazaTh, ITO OO0Jb-
[IMHCTBO CYIIECTBYIOIINX CHCTEM aBTOMATH3UPOBAHHOM HICHTH()UKAIIN
(CAN) mocTpoeHo Ha TPENCTaBICHAH ISTCPMUHICTIYECKON MOJICIIH CITICK-
TPOB, U TOJBKO B KOHIIEe 70-X romoB XX Beka ObLIa MpeyiokeHa CTaTUCTH-
YecKas MOJIENb CIEKTpa JUIsl CTAHAAPTOB U aHAJM3UPYEMOIr0 MaTepHaa.
[epBbie cooOIIeHus 0 cucTeMax uaeHTU(hUKAUH (a30BOr0 COCTaBa KPH-
CTAJUTMYECKUX CMECEeH MOSIBIIKCH B cepetuHe 60-X TOIOB MPOIIIIOTo BeKa
U BCE OHU HE MPEIyCMAaTPUBAIM UCIIOIh30BAHUE AJIEKTPOHHO-BBIYUCIIH-
TeNBHBIX cpencTB. Ho yxke B 70-e Tomsr XX BeKa MOSBUIHCH «MAITHHHBIC)
CHCTeMbI peHTTeHO(]a30Boro aHanm3a. B gacTHOCTH, TS cMecei mpeza-
raJI0Ch UCIIONB30BATh (DYHKIIMIO, TIO3BOJISFOIIY IO CTPOUTH MOJIETIbHBIE CTaH-
JIapThl CMECEU, UMEIOIIINE BU/T;

I(d) = % T (d) = 1(d) oy (75)

rae 1,(d),1,(d),q — CHCKTpabHas ¢byHKUIMS ; TO CTaHJapTa U MOACIIH
COOTBETCTBEHHO, ¢' — MHOXXHTEIIb, IPOIIOPLUUOHAIBHBIA KOHLEHTPALH
i -TO CTaHIApTa B aHATM3UPYEMOU mpode, M — 9nciio CTaHaapToB B Oaze
JaHHbIX. TakuM o0pa3oM, 3a1a4a HACHTU(HUKALUK 3aKITI09ACTCSI B OTBIC-
KaHWH CTaHJAPTOB, YCIOBHBIE KOHLIEHTPALMU KOTOPBIX OOJbIIE HYJIS, TO
ectb ¢' >0, e i = 1,2,...,n,n <M . OQHaKO IJISI 3TOH CHUCTEMBI U3 71
ypaBHEHUH j =1,2,..., n, HE ABISIETCA €ANHCTBEHHBIM, Tak Kak M/ O0Jb-
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11I€ YKCJIa ypaBHEHUH (p) . [ ycTpaHeHs HEOTHO3HAYHOCTH, CXOJIA U3
NPEeIBAPUTEILHOIO aHAIN3a, YMEHBILIHUTE YHCIIO 3JIEMEHTOB (ha3) A/ 1o

M , < p.B takoMm cirydae npomesypa IOHCKa-BbI00pa BEPOSITHBIX CTaH-
JTAPTOB TIPU UJCHTU(PHUKAIMY CIIEKTPa aHATM3UPYEMOTO MaTepHraia CKiia-
JIBIBAETCS M3 IBYX JTAIlOB:

a) MIpeABapUTEIHHOE COKPAIIEHNE BEPOATHBIX CTaHIAPTOB B aHAIU-
3UPYyEMOH Ipooe;

0) yTOYHEHHE CTIMCKa OTOOPAHHBIX CTAaHIAPTOB.

Ha nepBom stane ¢ moMoIIbI0 pa3IMYHbIX KPUTEPUEB 13 OaHKa JaH-
HBIX BEIOMPAETCA M ; BEPOATHBIX CTaHAAPTOB. [[J1s1 5TOr0 pacCUMTBIBAKOT-
Csl YMCJICHHBIC 3HAYCHUSI KPUTEPHUEB, U PE3YJIBTAThl YIOPSIOUYUBAIOTCS TIO
yOBIBAaHHIO UX 3HAYCHHI, COCTABJISICTCS ITEPBhIN CIICOK BEPOSTHBIX CTaH-
JapToB. OH MOJKET OBITH 0CTATOYHO OombiuM, M, < 50 . 3aTem 3anaeT-
Csl HEKOTOPBIN «IIOPOT», HA OCHOBAaHUM KOTOPOTO B HOBBIN CITUCOK BEPO-
SITHBIX CTaHAapPTOB BHOCSTCS JIMIIb T€ 3HAYCHUSI, JJIsl KOTOPHIX YUCIIOBOC
3HAYCHUE KPUTEPHS — OOJIBIIIE ITOTO «IIOPOTray. PacueT kputepres mpous-
BOJUTCS JUTA TPEX-TIATH JIMHNH HH()OPMATHBHOTO KOMITJIEKCA B CIIEKTpax
BEPOSITHBIX CTAaHAAPTOB. DTOT MPHEM HCIIONB3YETCS BO BCEX aBTOMATH3H-
POBaHHBIX CHCTEMaX MOMCKa-BBIOOpA BEPOATHBIX CTaHAapTOB. Ero nocro-
WHCTBO B TOM, YTO PEaJM3yeTCsl OBICTPHIN MPOCMOTP OOJIBIIOTO 00BheMa
CHEKTPaJIbHONW WH(POPMAIIUH, 8 HEAOCTATKOM SIBIISIETCS CIIOKHOCTH OTIpe-
JICTICHUS] OIITUMAJIBHOTO «IIOPOTOBOT0» 3HAYCHUS KPUTEPUSI IIPABIILHOC-
TH BBIOODA.

Bropoii 3Tam 3akimtouaercst B yTouHeHHH (Da30BOTO COCTaBa aHAIH-
3WPyeMOro MarepHaia, UCTIONB3YIOTCA TOJIBKO CIIEKTPHI CTAaHJAPTOB, BO-
IIE/IIINE B CITUCOK. JTa MpOIIeAypa UMEET TPU BapHaHTA.

1. Beramcienre 3HaueHIA KPUTEPHUEB U KOMITOHOBKA TAOJHIIBI COOT-
BETCTBUSI JINHUI CIICKTPOB CTAHIAPTOB aHAIM3UPYEMOMY CIICKTPY U €€
aHaJIN3. DTO THITMIHBINA CIT0c00 00pabOTKH IMOTydeHHBIX Ha DBM naHHBIX
WCTIONB3YeTCs MPAKTHYECKU BO BCEX aBTOMATH3UPOBAaHHBIX crcTeMax POA.
OpmHUM U3 €ro BapHaHTOB ABISETCS BHIBOJ HA TUCILIEH ITPUX-THarpaMM
aHAITM3UPYEeMOU TIPOOBI U BEPOSATHBIX cTaHnapToB. CyIIeCTBEHHBIM IIpe-
MATCTBUEM 3TOTO HAIAHOTO TpHEMa SIBIISIETCS] OTPaHIMYeHHOCTh YHCIIaA
MOMEIIAFOIIMXCS HA SKPAHE CIIEKTPOB.

2. OrneHKa yCIOBHBIX KOHIICHTPAITMA OTOOPAaHHBIX CIIEKTPOB CTaH-
JIAPTOB ¥ BBIOOP JIMIIIL TE€X, Y KOTOPBIX OHU MPEBHIINAOT 33JaHHBIN YPO-
BEHb 3HAYMMOCTH. JTOT BapHaHT MO3BOJISIET MPOU3BOIANTE KOTMYECTBEH-
HYIO OIICHKY BEPOSTHBIX (a3, COCTABIISIIONINX aHAIM3UPYEMBbIN 00pasell.
J171 B3aMMHOTO COOTBETCTBUS JIMHUI COCTABIIAETCS CUCTEMA U3 (p) ypaB-
HeHul Buza (cum. (74)):

91



Mi . .
I =2 o, (76)

rmei=12,.,p,M,<p.
Omnpeneneane Ga3zoBOro COCTaBa CBOAUTCS K MUHUMM3AINH T10 ¢
BBIPKEHIS

Mi ..
(Claczau'acMi)=1_Zlcll(l)L<K>’ (77)

i w
Iac I oL(K) — UHTEHCUBHOCTD { —TOU JIMHUH CTaHIapTa ¢ COOTBETCTBYIO-

M;
1) o P [ A—
wieit & -Toit IMHAM TIPoGBI TIpU orpaHmueHsIX ¢ >0 u » ¢ =1, Cran-
i=

AapThl, 1JI51 KOTOPBIX ci —MCHBILIC 3aJaHHOT'O YPOBHA 3HAYMMOCTU UCKIIIO-
YaroTCs M3 CIIMCKa, 1 OKOHYATEJIbHBIN COCTaB AHAJIM3UPYCMOI'0 06pa3ua

coCTaBisIeT M, (a3, npuuem M , <M, . Henocrarkom 51010 Bapranta
ABTOMATH3MPOBAHHOTO PEHTreHorpaduyueckoro (pazoBoro aHanmsa siBis-
eTCsl HAM4Ke B 0a3¢ TAaHHBIX CTAHAAPTOB C «OJM3KUMI» CIICKTpaMu (Ha-
MpUMeEp, U30CTPYKTYPHBIX COCTMHEHHH, N30MOP(HBIX CMECeH, MOJIUTH-
TIOB U JIp.), BCIIEACTBUE YETO 3Ta CUCTEMa YPaBHEHUN MOXET MPUBECTH K
OIIMOOYHBIM pe3yibTaTaM. B 1eroM 3a1a4ya orpenenerus (pa3zoBoro cocra-
Ba SIBJISICTCSI HEKOPPEKTHOI U TpeOyeT BHIIOIHEHUSI IOMOITHUTEITHHBIX ITPO-
LENyp U y4YeTa JONOIHUTENbHBIX YCIoBUi. TakuM 0Opa3oM, Ha OKOHYA-
TEJIHHOM JTare HISHTH(QHUKAIMK (Pa30BOr0 COCTaBa aHAIU3UPYEMOTO
MaTepualia CI€AyeT ¢ OCTOPOKHOCTBIO UCIIOIB30BaTh 3TOT BapHaHT.

3. Vcnonk3oBaHue Jyist UACHTH(OUKAIIMY Pa3HBIX KOMOMHAIIUHN CIIEK-
TPOB BEPOSATHBIX CTAHAAPTOB (KTCOPETHUYECKUE» CMECH) C BapHALUSIMH
(ha30BOro coCTaBa M YCJIOBHBIX KOHIIGHTPAILIM B HUX, BEIOMpAs U3 HUX
OJIVH WJTM HECKOJIHbKO HanOoJIee BEPOSTHBIX BAPHAHTOB «TEOPETUUECKOM»
cMmecH. B aToM criocobe commocTaBiIsIFOTCS CIIEKTPBI BO3MOYKHBIX CMECEH,
CKOHCTPYHPOBAaHHBIE HA TIEPBOM 3Tale U3 OTOOPaHHBIX BEPOSTHBIX CTaH-

My .
JaprtoB. MIx uucio N = > Azlwl ,Tme Azlwl —YUCJIO COYETAHUN M3 M| TIO 7.
i=1

IIpennonaraercsi, 4YT0 OAHA U3 ATUX KTEOPETUIECCKUX» CMECEU COOT-
BETCTBYET 110 COCTAaBY U COACPKAaHMIO aHAIN3UpyeMoMy oOpasiry. B atom
BapuanTe PDA, kpoMe BBIUHMCICHHBIX YCIOBHBIX KOHIIEHTPAITHH, UCCITe-
IyeTCsl COOTBETCTBHE PA3IMYHBIX MOJETHHBIX H aHAJM3UPYEMOTO CIIEKT-
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poB. 13-3a HeaeKBaTHOCTH MaTeMaTHYeCKOH MOJIEIH CIIeKTpa (HeaocTa-
TOYHO O/THON OIIEHKH €€ CTaTHCTHIECKUX XapaKTEPUCTHK U APYTUX HEYd-
TEHHBIX (PAKTOPOB), CYIIECTBYET JOBOJIHLHO BBHICOKAsI BEPOSTHOCTB, UTO Oy-
JIeT BBIOpaH HE WCTUHHBIN, a OMM3KWN K aHATM3UPYEMOMY MOJCITHHBII
cnektp. [lo3ToMy B KauecTBe KOHEYHOTO pe3ysibTara aHallu3a pa3yMHO
BBIOMPATh HECKOJIBKO «TEOPETHUECKIX) CIIEKTPOB BO3MOKHBIX CMECEH.

OrneHka GIM30CTH COMOCTABISIEMBIX CIIEKTPOB OCYIIECTBIIIETCS C
MIOMOILBIO COOTBETCTBYIOIINX, B TOM YMCIIE M PACCMOTPEHHBIX paHee, KpH-
TepueB. B ciyuae, korna KpuTepuii Janek oT ONpeAeieHHOro NpeaenbHO-
TO 3Ha4eHus, Hanbojee BEPOSTHBIM SIBISIETCSI OTCYTCTBUE B UCIIONB3YeE-
MO¥ 0a3e AaHHBIX HY)KHOTO cTaHzaapTa. Kpurepuil mpaBuiIbHOTO BEIOOpa
pelLeHus 3a1a41 PEHTIeHO(a30BOro aHaIM3a MOXKET OBITh PACCUUTAaH, Ha-
TpUMeEp, TI0 CIEAYIOIEeH METOIUKE.

W3 6a3 nanHbIX, conepskanmx Haoops! (d, 51, ;) , Te i — HHIEKC

pedutexca, k —uHmeKC (asbl, BEIIEISIETCS TPYIIa, COOTBETCTBYIOIIAS CO-
CTaBy W CBOMCTBaM M3y4aeMOro KpucTajuia. 3areM pacCUUThIBaeTCs (ak-
TOp COBIAJICHU IEPBOTO peduieKca Ha peHTTeHOrpaMMe C TabIuien-3Ta-
JIOHOM, TIPUHATOH 3a niepByto (k =1) .

0 =d. |0 0 =110
A — K Ij_2|dl,lT dl,3||:|+ K Ij_2|11,1,T 11,3||:|,(78)
'ad/d d. ,+d 3I/1 I, +1
g T in O g iy T, O
rae d; , r31; , ; — MEXIUIOCKOCTHOE PACCTOSTHUE M HHTEHCUBHOCTB i~TOTO
pediiekca, STATOHHOMN (a3bl, IPUHITON 32 NEPBYI0 COOTBETCTBEHHO;
0d/d,dl/1 — OTHOCUTENBHBIE SKCIEPMMEHTAIBHBIE IOTPEITHOCTH U3ME-

pernss d u [. K u K' onpenensroTcst yCIOBUSIMH SKCIIEPUMEHTA.

M3 Beex peduiekcoB BEIOMpAeTCs TOT, JUI KOTOporo A, MMeeT Hau-
OoJIblLIee 3HAUEHNE, Jajiee IPOU3BOIUTCS CPAaBHEHUE BTOPOTO peduieKca C
TaOJIMYHBIMU 3HAYEHUSIMU U Tak Jajee. ViHTerpaibHast OLCHKa COBIAICHUS
paccuntsiBaercs 1o ¢popmyne A =S A, . 3arem npou3BOAUTCS CpaBHE-
HHE C TIOCTIEIYIOIIEH TaOnuiei (T. €. ClIeyroLIei 3anrChIo B 0a3e TaHHbIX)
U T. A. [1ns oxoHuarensHOro BeiOopa (aspl sTasiona HeoOxoauMo Oparh Ba-
puanThl ¢ HaubomsM A . Ecim ecTb «umiHue» peduiekchbl B Tabmuiie-

STaJIOHE WM PEHTTEHOTPAMME, TO IIPU pacdeTe /A Ha0 YHECTh BETMUMHBI
1/(dd/d + K 8 /1) COOTBETCTBYIOLINE IHITHAM» peduieKcaM.

Kak mpaBuiio, mipu pemienny 3amxadu POA B aBTOMaTH3HPOBAHHBIX
CHCTEMaX HCTIONB3YeTCs MHTEPAKTUBHBIN (THAIOTOBEIN) peXKIM, 00ecIIe-
YMBAIOMIMI BBOA MH(OPMAIINH, 33/IJaHKE TTApaMETPOB aHAIN3a U OCYIIle-
CTBJICHWE YTIPABJICHUS BBIYHCIUTEIGHBIM MIPOIIECCOM B 3aBUCHMOCTH OT
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MPOMEXKYTOYHBIX Pe3ybTaToB. OKOHYATEIBHBIC PE3YJIbTaThl aHAIN3A BbI-
BOZATCS Ha DKPaH AWCILIES WIIH IPUHTED.

BaxapIM 3Taniom pa3BUTHS CHCTEM aBTOMAaTHYECKOW HICHTH(HKa-
1iH (Pa30BOT0 COCTaBA KPUCTATUTIMUECKUX CMECEH SIBHUIIOCH CO3/IaHUE POC-
CHUICKIMH YYE€HBIMH JOCTATOYHO MOIIHBIX CHCTeM, Takux kak PA3AH
(dazoserit anaimsz), APDA (aBToMaTH4eCKuid pEHTTCHOBCKUN (Da30BBIiA
anam3) 1 APHIC (aBToMaTH3MpOBaHHOE PEHTTCHOBCKOE HCCIICIOBAHUC
cocrapa). [TocneTHIOr0 MOXKHO paccMaTpyBaTh Kak MOJCUCTEMY «aBTOMa-
TU3UPOBAHHOW MH(POPMAIMOHHON CHUCTEMBI JaHHBIX O MaTepHaliax»
(AMCM). DTOT CHHCOK HE BKIIOYAET BCE pa3paOOTKH, BBHIIOIHEHHBIC B
CeMUJIECATBIE — IEBIHOCTBIE rofip! Ipouuioro cronerus B CoBerckom Co-
103¢. 3a rpaHuIIei TaKke pa3padaThiBAIMCh aHAJIOTMYHBIC ITPOrpaMMeI. ba-
30BBIE TEOPETHYECCKUE OCHOBBI 3THX ITPOTPAMMHBIX CUCTEM ObLITH OOIIUMU
1, HECMOTPsI Ha OT/IENTbHBIE 0COOEHHOCTH, BCE OHH BKJTIOUAITH CIIEYIOIINE
3IEMEHTHI: 1) MamMHHYyI0 623y TaHHBIX; 2) IpOrpaMMHBIE CPEICTBA, TPE]I-
Ha3HauYeHHBIE 15 JOPMHUPOBAHKS, TOMOTHEHNS M KOPPEKTUPOBAHUS 0a3bl
JAHHBIX; 3) MIpOrpaMMy HIACHTH(MHUKAIIH — OCHOBHOHM paOoumii MHCTPY-
MEHT TOJIb30Barelisl; 4) COBOKYIHOCTH TECTOB — KOHTPOJIBHBIX 33/1ad, I0-
3BOJISIIOMIMX TIPOBEPATH MPABHIBHOCT MPOTPaMMBbl HACHTH(pUKAIN; 5)
METOJIMKY TPOBE/ICHHST aBTOMATUYECKON HJICHTU(PHUKAIIMU. DTH CUCTEMBI
OB OPUEHTUPOBAHBI HA KCILTYaTAIMEO OOJBIIMX MAIIIMH KOJIICKTHBHO-
'O TIOJIb30BaHMUSI.

PaccmarpuBas uMeroryecst aBTOMaTU3MPOBAHHBIC CUCTEMBI PEHTIE-
HOBCKOTO (a30BOTO aHAIIN3a OIMKPUCTAIIIOB, MOYKHO OTMETHTB, YTO BCE
OHH TOCTPOCHBI Ha TIPUHIIUIIC PACcUeTa KPUTSPUEB COOTBETCTBUS ITOPOIII-
KOBBIX CIIEKTPOB aHAIM3UPYEMOT0 MaTepHayia U MOJCIH (COBOKYITHOCTH
CIEKTPOB BEPOATHBIX CTAHAAPTOB). TakoMy TOIXOMy MPUCYIIN TPH HEMO-
CTaTKa.

1. BBICTpBIN POCT KOIMYECTBA «IITYMOBBIX)» CTAHJIAPTOB IIPU 0CIIa0-
JICHUM KPUTEPUECB COOTBETCTBUSL.

2. HeBO3MOXXHOCTD aBTOMaTn4eckol MAEHTH(UKAIMK TP OTCYT-
CTBHM B 0a3e JaHHBIX aJJeKBATHBIX CTAHIAPTOB.

3. CnaOble BO3MOKHOCTH HCIIOIb30BAHUS UMEIOIICHCS Yy aHAITMTHKA
JIOTIOTHUTENEHON HH(POPMAITMU O XUMHUYECKOM COCTaBE 00Pa3IioB B IPO-
recce auaora ¢ OBM.

Beutn caenanbl pa3nudHbIE TTONBITKA YCTPAHUTH YKA3aHHBIE HEHO-
CTaTKH, HAaNpUMep, ObLIN UCTIONIL30BaHbI CIICAYIOIIUE IIPHEMBI.

1. [lepemeriieHre «IEHTPA TSHKECTH» OT CPABHEHHUS CIICKTPOB «CTaH-
JAPTH3NPOBAHHBIN MaTepram K MPeABapUTETHHOMY CO3JAHUIO BEIOOPOK
13 0a3bl TAaHHBIX HA OCHOBE UMEIOIIIEHCS Y ITOJIb30BaTe sl HH(OpMAaIwm 00
3JIEMEHTHOM COCTaBE aHATU3UPYEMBIX 00pa3LIOB.
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2. Xpanenue B 6a3e JaHHBIX TOPOIIKOBBIX CIIEKTPOB TPy 00pa3-
IIOB OOIILETO MPOUCXOXKICHHS M HCITOIh30BaHUSI MX MTPH UICHTU(UKAIIN
MOZI00HO CIIEKTpaM CTaHAAPTOB YUCTHIX (a3 1Sl KIACCUPHUKAIIH UX CXO/I-
CTBA U pa3IUyusl.

3. Ommcanue Tporiecca WACHTH(OHUKAITIN KOMITOHCHTHOTO COCTaBa
MarepualioB C IIOMOIIBIO CIICIIMATEHOTO SI3bIKA, TIO3BOJISIONIETO (hOopMyITH-
POBaTh CaMbIe Pa3HOOOPA3HBIC CTPATETUH B 3aBUCIMOCTH OT ITOJTYYSHHBIX
JIAHHBIX U YoKe ITOTyYeHHBIX PE3YJIBTaTOB.

OnucaHHbIe TPUHIIMITBI KAK PYYHOTO, TAK M MAIIMHHOTO PEHTTe-
HOBCKOT'O (ha30BOTO aHalIN3a, TUITBI 0a3 TaHHBIX, (OPMATHI JJIs SIUHO-
0, CTAaHJaPTHOTO MIPECTABICHUS TOPOIIKOBBIX TU(PPAKIIMOHHBIX JaH-
HBIX B 0a3¢ TaHHBIX H KPUTEPHH HANCKHOCTH (MITH KPUTEPUN Ka9eCTBA);
OTMEUYEHBI 0COOCHHOCTH MOPOIITKOBBIX CIIEKTPOB KPHCTAIIIOB, UCIIONb-
3yeMBIX B KaueCTBe CTaH1apToB. OxXapaKkTepr30BaH OUCKOBO-CIIPABOY-
HBIi anmapaT 0a3 JaHHBIX, UCIIOJIb3YEMbIi B PYYHOM BapUaHTE PEHTIe-
HOBCKOTO ()a30BOT0 aHAJIH3a U €r0 N3MEHEHUH MPY YBEITUYCHIH YHCIIa
CTaHJapTOB.

B HacTositiiee Bpemst NCTIONB3YeTCsl HECKOIBKO JICCSTKOB CHCTEM HIICH-
TUdUKauK a3 1o peHrreHorpaMMam. M3-3a 00bIIOro YMciia CTaHIapT-
HBIX (a3 HEBO3MOXKHO HAIPSIMYIO pellaTh 3a/1a9y Ka4eCTBEHHOTO PeHTTe-
HOBCKOTO (hazoBoro aHanmm3a. IDPHEeKTUBHOCTL pabOTHI CHCTEM
ABTOMAaTH3UPOBAHHOHN HICHTH()UKAIIMY CYIICCTBEHHO 3aBHCUT OT UCIIONb-
30BaHMSI METOZIOB M JITOPUTMOB 00pabOTKH HH(POpMAIHH.

0030p crUCTeM aBTOMaTUYECKOI MACHTH(UKAIINY ITOKA3hIBALT, YTO:

1) B OOJNBIIMHCTBE CUCTEM aBTOMATHUYECCKOW MIACHTH(UKAIINY C 1Ie-
JIbEO COKpAIIlEHHsI BpEMEHHU aHaIN3a PEATU3yIOTCSI MHOTO3TaITHBIC CTPaTe-
MU WJICHTH(QUKALH C UCTIOJIb30BAHUEM PA3JIMIHBIX KPUTEPHEB;

2) 3aBeplrieH mepexo oT 0onbIIX IBM KOIIEKTHBHOTO TIOJTE30Ba-
HUS K IEPCOHATBHBIM KOMITBIOTEpaM, CHA0)KEHHBIM OBICTPOICHCTBYFOLITHM
MPOTPaMMHBIM 00€CIIeYeHHUEM, KOTOPOE MO3BOJISET OCYIIECTBIATh UJICH-
TA(HUKAIAIO C OOTBINON CKOPOCTHIO;

3) OONBITMHCTBO CHCTEM aBTOMATHIECKON NACHTU(MHKAIIAH SBIISTFOT-
sl AMITUPUICCKUMH, KOTIUPYIOIMMU B OCHOBHOM METOJT PYYHOU HJICHTH-
(bukarym;

4) B Ka4eCTBE MePhI OJIN30CTH MEXK/Ty CIIEKTPaMU CTaHIaPTOB U aHa-
JM3UPYEMOTo 00pa3ia UCIIONIB3YIOTCS Pa3HOOOpa3HbIE KPUTEPUH COOTBET-
CTBHSL, 324aCTYIO HE UMEIOIIHE BCEOOIIETO MPU3HAHUSL.

Haxoner, ere pa3 cineayer OTMETUTb, 4TO MpoodieMa uiaeHTH(UKa-
MM KOMIIOHEHTHOTO COCTaBa MOIMKPUCTATUTMIECKUX MATEPHAIIOB, KaK U
mo0ast 3a/1ada, CBI3aHHAs ¢ 00pabOTKON TAHHBIX, SBJISETCS B MaTeMaTH-
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YeCKOM OTHOIIICHUM HEKOPPEKTHOM, U €€ pellieHue TpeOyeT MPUMEHEHHUS
METOZIa PETyISIPU3AIA B PA3yMHOTO TPUBJICIEHUS JOTIOTHUTETFHON UH-
(hopmarmm.

JanbHeiinee pa3BUTHE CHCTEM aBTOMAaTH3aIMHN Ka4eCTBEHHOTO PEH-
TreHOBCKOTO (ha30BOTO aHAIIM3a IMPOCMATPUBAETCS B FICTIONB30BAaHIN Me-
TO/Ia TIOATOHKI (COTIaCOBAHMS) aHAJIM3UPYEMOTO W MOACIBHOTO CIIEKT-
poB. Pa3paboTka crucTeM aBTOMaTH4eCcKoi HICHTU(HUKAINY, BEPOSTHO, HE
Oy/IeT HUKOT/Ia 3aBepIlicHa OKOHYaTebHO. JKIIyT CBOSH pa3pabOTKH 4acT-
HBIE OITPEICIUTEIH, HEOOXOMUMBIE TS aHAITN3a HEKPUCTAIUTMIECKUX, Ha-
MpUMep, TOIMMEPHBIX, U JPYTHX CUCTEM. 3ajlaudl TaKoro THIIA, Ha Halll
B3IJISAI, BIIOJTHE TOCHIIBHBI CTYJICHTAM, MATHCTPAHTaM U aciiipanTaMm. FimeH-
HO JUTs1 HUX B TIEPBYIO 04Yepeb MPeAHA3HAYCHO JaHHOE yueOHOe mocooue.
[To3TOMy MBI CurTaEM HEOOXOAMMBIM ITPUBECTH ITPUMEPHI 0a3 TAHHBIX (CM.
TabMIy 7), AIMEIONTMX MTOUCKOBO-CIPABOYHEIN armapar, a Takke Iepe-
YEHb JINTEPaTyPHBIX HCTOYHHUKOB, OTPAKAFOIINX OPUTHHAIIBHBIE Pa3padoTKu
B 00J1acTH peHTreHorpaduIeckoro (a3oBoro aHam3a.

B 3aximodenue mpuBeeM Aajeko HE TIONHBIA CIICOK paboT, B KOTO-
PBIX YHTATENb CMOXKET HAWTH IOTIOTHUTEIbHBIE CBEJICHHUS TI0 HHTEPECYIO-
IIIM €T0 BOIIPOCaM.
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HpI/IMepBI 6a3 JAaHHBIX [TOPOIIKOBBIX HI/I(l)paKIII/IOHHLIX CIICKTPOB, UMCIOLIINX
HOI/ICKOBO-CHpaBO‘-IHHﬁ arrapar
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14. METO/1bI PEHTTEHIN®PAKTOMETPUYECKOI' O AHAJIM3A
CTPYKTYPBIHEKPUCTAJUIMYECKNX OB bEKTOB

3a mocnemaue 2025 net B pu3uKe KOHACHCHPOBAHHOTO COCTOSHHUS
TIPOU30IILTY 3HAYUTEIILHBIC U3MCHEHHUS, KACAFOIIHECS OOBEKTOB U3YUCHHSI.
Ecnu panbIiie 0cHOBHOE BHUMaHHE YIEISIIOCh KPUCTAIIaM, TO ceifgac nuc-
CJIEIIOBATEITHN BCE OOJBIIIE HHTEPECYIOTCS CUCTEMAMU C MOJICKYJISIPHOM Oec-
MOPSIOYHOCTHIO, KOTOPBIE HA3BIBAIOT JKUIKOCTAMH, €CIIH OHH 00J1aatoT
TEKyUYeCTbIO, U CTEKIJIAMHU, €CJIA XapaKTepU3yIOTCS TBEPAOCThI0. PaccMoT-
PHM BO3MOKHBIE METONIBI PEHTTEHOBCKOW TH(PPAKTOMETPHN HA TIPUMEpPE
U3YYEHUsI CTPYKTYPHBIX OCOOSHHOCTEH CTEKOJ pa3HOTO COCTaBa.

DopMyITBI TS pacueTa aMILIHTY/IBI PEHTTEHOBCKOTO M3ITyYeHHS (CM.
(25)) cipaBeTUBEI [T OOBEKTOB C OO0, B TOM YUCIIE U C HEKPUCTAN-
JUYECKON CTPYKTYpou. JIJIs BEIecTB ¢ JaIbHUM MOPSAKOM (MOHOKPHC-
TAJIOB) MOXKHO PaCCUUTATh KOOPIUHATHI aTOMOB, OTPaHUYHBAsCH 00bE-
MOM STIEHKH B KPUCTAJLTIMUYECKOM pereTke. B aMoppHBIX 00bEKTaX, KOTOphIC
XapaKTePU3YIOTCs OJIMKHUM TTOPSIKOM, KOOPIMHATHI aTOMOB OIPE/ICITUTh
HEBO3MO)KHO, HO MOYKHO PaCcCUHTATh pacipe/ielieHe YCpeTHEHHBIX MeXKa-
TOMHBIX BEKTOPOB, BEC KOTOPBIX PaBEH MIPOU3BEACHUIO AEKTPOHHOMU ILIOT-
HOCTH Ha UX KOHIIaX. DTH pacupe/eNieHns Ha3bIBatOTCS (PyHKIMSMHA PaIH-
AJIBHOTO pactpenenenus aromHou miotoctu (OPPAIT).

Jn1s1 naeanbHOTO OJJHOATOMHOTO Ta3a (Ta3 C MOJHBIM pa3ynopsaoUe-
HHUEM) UHTep(epeHIIns JTydYeli, pacCesTHHBIX Ha OTACIBHBIX MOJIEKYJIaX, OT-
CYTCTBYET, TO €CTb (B OTHOCHTEITbHBIX IUHUIIAX ):

AS)= 5 1(S)=f2. (79)

HJ’[}I CMECH NACAJIBHBIX T'a30B

1(s)= % =N, (80)

IIe N — 9KHCIO MOJCKY/I B PACCEHBAIOIIEM 00bEME, f — YCPeIHCHHAs
paccenBaroIast ClocOOHOCTb aTOMOB CMECH.

«Morekyra UIeanbHOro ra3a» yxe UMeeT CTPYKTYPHBIH mapamerp
a;; —PacCTOSHNE MEX/ly €€ j -ThIM U [ ~TbIM aToMamu. B cootseTcTBIN C
¢dopmymnoii lebas,

sin 2TSa
214

]N(S):%gfjfk ®1)

TSI IBYXaTOMHOM MOJIEKYITHI C MEXKaTOMHBIM PACCTOSIHIIEM MOYKHO 3aITHCaTh:
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Y B+51n2TLS’aH (82)
218a [

U3 dhopmyn (79,80) cremyert, 4To ecitu JyIs UIeaTbHBIX OJTHOATOMHBIX
ra3oB 06paTHoe MPOCTPAHCTBO HETIPEPHIBHO M MEHSETCS MPOTIOPIIMOHAITb-
HO £, HO MOHOTOHHOCTH H3MEHEHHS «ILTIOTHOCTH» OGPATHOTO IPOCTPAH-
CTBA JUISI MOJISKYJSIPHBIX Ta30B HET, XOTsl OHO OCTaeTCsl HenpephIBHBIM. Ha
PEHTTEHOTpaMMe TaKOTO 0OBEKTa MOSBATCS 0OJIee MM MEHEE BBIPaXKEH-
HbIE MAKCUMYMBI — raJio. st OTBICKaHHs SKCTPEMATLHOTO 3HAUCHUSI UH-
TEHCHMBHOCTH HEOOXOIMO PEIUTh YpaBHEHHE:

sin 2TSa
— 2 + 2 2
fr+2f orsa

ol _0F’ _
orciona oS oS ’
cos 2TiSa 21w [2TSa 2—sm 218a 21w _ 0. (83)
(215a)
eciy 2TiSa = x # (0, ypaBHEHUE IPUHUMAET BUL:
tgx =Xx. (84)

Pemast 310 ypaBHEHHE JTFOOBIM H3 YHUCIOBBIX METOOB, TIOYIHM JIS
HIEPBOrO MakCUMyma x =7,7244 ,1o ectb S, - =1,23, HO

= X _2511119’
2T A

TOra
_ 0,615\ , (85)
sind

rae 9 — YIIOBOE MOJIOKEHHE EPBOIO MAKCHMYMa PACCESHUS.
ITo nmenu aBropa BeipakeHue (85) Ha3bIiBaeTcs hopMyoi IpeHdecra.
BepostHocTHas (hyHKITUS, ONUCHIBAIOIIAS PACTIPE/ICIICHAE ATOMOB B

aMop(hHOM 00BEKTE, IMEET CIIEAYIONIHe 0COOEHHOCTH: P(x) # 0 TIpH Ma-

JBIX x ¥ (QIyKTyHpyeT B COOTBETCTBHH C yCI0oBUEM lim p(x) =1.
X 00
OyHk1wms uHTEPPEPEHITNH I H30TPOITHOTO 00BEKTA OMICHIBASTCS
BBIPOKCHUCM:

i(S)=1 +% [IP(r) = 1] exp(-2TUSr)dV, » (86)
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rae S,r — BEKTOpPBL, 7 MOXKHO OIPEACITHUTH €r0 MOIYJIEM, YIIIOM O K
BEKTOPY S ¥ TIOJNOKEHHEM ITUTOCKOCTH rS , OTHOCHTEIHFHO HA9aJbHOTO
nojoxeHus. Torna,

c© T 2T ¢

J’[p(r)—l]exp(—Zer)dV J’ [ [ [p(r) —1]exp(— ZTUSrcosG)ZTWsmadadrd—n
=0 a=0 ¢=0

Wrax, oy amophHOro 00beKTa MOKHO UCTIONIB30BATh (DOPMYITY

i(8)=1 +$ [Ip(r) —1exp 21USr)rdr - (87)

rIe S U p HE BEKTOPBL, a UX MOIYJIH, TO ECTb IPOCTO yucia. BenuunHa
p(r)/V, =p,(r) eCTb aTOMHasl INIOTHOCTb. BeIpaskeHue 4Trr2p0 (r)dr ormpe-
JICTISICT YUCIIO aTOMOB B C(PepUUYECKOM CIIO€, OTPAHHUCHHOM PaJlnyCcaMu
rudr. Torga

i(5) =1+ [4{p, (1) =Py 1T dr (88)

e Py =1/V, — cpennss mIOTHOCTS JAaHHOTO BelecTBa. Tak Kak cpeHee
3Hauenue i(S) =1, 1o i(x), onpenensst GIyKTyalllt0 BOKPYT CPEIHETO,
OLICHHMBAIOT MHTEP(EepeHINIO Ha aToMax. M3 (88) cnemyer:

[i(S)-1] =%I[p0(r)—p0]sin 21rxdx . (89)
3anuiem Oypre-TpanchopmanTy mis ycrosust (89):
[Po(r)—Py]= EI[i(r) —1]sin 217 [$dS .
WIN "

40Py (r) = 4107 p, + 8TV [[i(r) ~1]sin(2TSP)SdS . (90)

ITocnennee ypasuenue, nomyueHnoe Liepauke u [Ipuncom, ncnons3yercst
JUTS IPAKTHIECKUX PACIETOB CTPYKTYPHI aMOP(PHBIX OO BEKTOB.

1(S) _1=1(S)—f2(5), 1)

i(S)—-1=
l 7(S) 7(S)

410°2p, (r) = 4T0°2p,, + 8TIF I%sm@m’rﬁdb’ (92)
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VYparHenue (92) mo3BossieT paccuuTarh (YHKIIUIO PaIaIbHOTO pac-
npeneneHus aroMHou ioTHOCTH (DPPAIT) Ha OCcHOBE DKCIIEpHUMEHTAITh-
HBIX pEHTIeHOrpaMM. B kagecTBe mpuMepa pacCMOTPUM paccesHIE PEHT-
TEHOBCKOTO M3JTy9eHHS Ha CTEKJIaX, COCTaB KOTOPBIX IIPHUBE/ICH B TalHIIE 8.

OT OKHCHOM (hOPMEI 3aIFICH COCTaBa JIETKO ITEPEUTH K JTOJICBO BHIa

,i, I1e | — MHACKC JIEMEHTa, k — YMCJI0 €ro JoJer B cTekiie. B atom
Clly4yae BeJIMYuHA f 2 (S) numeer BU:

r®=3k £ef - ©3)
1

Pesxum rmonydeHust peHTTeHOTPaMM CIIC Y OIIHUIA:
YCKOPSIIOIIIEE HAITPSHKEHHE — 26 kB (MenHBIN aHTUKATON);
TOK 9epe3 TpyOKy —10MA;
CKOPOCTb BPAILICHHS CYETUMKA — 2 TPa.MHUH;
TTOCTOSTHHAS BpEMECHH -2c
CKOPOCTH ABIDKCHHUS JICHTHI IIOTEHITOMeTpa  — 720 Mm/4ac;
npeIes n3MePEHHS —400° umm ¢
yCUJICHHE —128.

PeHTreHorpamMmel ObUIH MOTYYEHBI OT PA3IMYHBIX YYACTKOB CTCKIISH-
HOT'O CJIMTKA, & TAKKE OT TIOPOIIIKOB — CTEKOJI, PACTEPTHIX B araTOBOM CTYII-
ke. M3mepenus I(S) mpoBeaeHBI HA TUarpaMme 4epe3 MHTECPBAIBI
AY =0,05°. Jns psaga ob6pasnos (2, 6, 9 B Tabuuie 8) mHTEpBaNI
AY =0,025° , Ho Tak Kak (OYHKIINH paJuabHOTO PacpeaeIe s COXPaHH-
JIM CBOM BHI, @ BpeMs pacuera (0COOSHHO TTONTOTOBKH HCXOMHBIX JAHHBIX)
YBEIIMYUIIOCh, TO ObLT BbIOpaH uHTepBat AY =0,05°. 3HaueHus f (S)
TabmaHbIe. HopMupoBKa HHTEHCHBHOCTH TIPOBEIEHA 110 (hopMyIe:

[ 1(5)S?dS =[ £(S)S*dS 94)

I

2 _ 2
2 L(S)ST =k fi(S)S; (95)
1 1
MOHOXpOMaTI/IBaL[I/IH U3ITYUCHUS OCYIIECTBIIIACH CEJICKTUBHBIM I10-
momaromuM GuisTpoM. ITonpaska Ha MOIOMIEHUE PACCUMTHIBAIACK 110

hopmye:

p= 1+cos? 29 '

Bemmunna Py B dopmyne (89) He nmeeT MPUHLIMNUATIBHOTO 3Ha4e-
HHS, TaK KaK HOJIOKEHUE KOOPIUHAIIMOHHBIX cep ONpeenseTcs Mo Kop-
PETIALMOHHON (DYHKINH:
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901

OKHCHBIE COCTaBbI HCCIIEAYEMBIX CTCKOJI

Tabmwmia 8

N Si0, | 4LO; | B,O; | ZnO | MgO | CaO | SO | BaO | CdO | Li,0 | Na,O | K,O | Cs,0
1 487 0,7 |230 2.1 30 | 29 | 96 - 49 - - -
2 487 0,7 |230 2.1 30 | 29 | 96 - - 49 | 49 -
3 487 0,7 |230 2.1 30 | 29 | 96 - - - - -
4 487 0,7 |230 2.1 30 | 29 | 96 - ; ; - 49
5 487 0,7 |23,0 | 127 - ; ; - 3 49 - -
6 487 0,7 |230 - 12,7 _ ; - : 49 - -
7 487 0,7 |230 - - - 12,7 - : 49 - -
8 487 0,7 |230 - - - - 12,7 _ 4.9 - N
9 487 0,7 |230 - - - - - 12,7 ; 4.9 - N




W(r) = 2—1: SI% Sin(2TSr)SdS = 4152 (p(r) = P, ) - (96)

Tak Kak aTOMHBIN JI0JICBOW COCTaB CTEKIIA k, M3BECTEH, TO €r0 MO-
JspHas Macca H MOXET ObITh OMPE/ICIICHA!

=S km, (97)

rae m i aToMHas Macca j -Toro aroma. Ecim Py —CpeaHEC IMCJIO aTOMOB B
3
(4]

1 A ,a P — IJIOTHOCTH BEIIECTBA, TO

P
Py ==, (98
Y )

s HI/IKHOIYICTPI/I‘ICCKI/IX JaHHBIX P=2)5 I§I‘/,ZIM MOJIyIUM

Py =0,03am DA . CpeziHee 4ucio 21eKTPOHOB B 1 A (pyr) nerxo ompe-
JeTnTh 1o popmyie:

Po =PoR» 99)

e R =Y k;p, , p; — YMCIIO SIIEKTPOHOB B | ~TOM aTOME.
Ilo rpaq)HKy OPPAIT MOKHO paccuuTarh KOOPAUMHALKMOHHOE YUCIIO
7 , COOTBETCTBYIOLIEE CHepHIECKOMY CIIO0 C PaIycaMu 7} U 75 :

r
Z= J’4Trr2p(r)dr : (100)
i

B npuHIune mnpezaens uHTerpupoBanus B (92) NOMKHBI OBITH paB-
HeiMM S| =0,S5, =co,HOpu S — 0 B LIENb AETEKTOPA IIONANAET IIEP-
BI/I‘IHBII/IJIY‘I HoaTOMy CLeMKa npoBoquiackcymia 4 =2°,r.e. §; =0,05.
Ipu Gonbumx yrmax quykryauust 1(S) Bokpyr i(S) (CM (90), (92)) uc-
Yye3aer. HpOBez[eHHLIe HaMH MCCIIEIOBAaHUS MOKa3alu, 4yTo ipu 9 >40°
®PPAII 1(S)- f*(S) =0, 1. e. B pacaer OPPAIT BXOIST Hy/IEBbIE ClaTa-
eMBble, I09TOMY S, OBLIO BBI6paH0 COOTBETCTBYIOIIMM yIiTy 3 =40°, T. €.
S, =0.83.

Kax BUJIHO M3 TaOJUIIBI 8, UCCIICIOBAHHBIC CTEKIIA JCTSTCS Ha JIBS
rpynmnsl: [ — NeNe 14, IT — NeNe 5-9. Otu rpynnsl HECKOIBKO OTIINYAIOTCS
JIPYT OT JIpyra COCTAaBOM OCHOBEI, a B TIpEJIeNiaX Ka) 10U rPYIIbl 00pa3iibl
omm4aroTces fobdaBkamu. [Ipu mpuroToBneHn: 00pasiioB 00paIaioch 0co-
00c BHUMaHNE UMEHHO Ha 3TH 00CTOSTEIbCTBA, YTOOBI UCKITIOUUTH BIIHS-
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HHE BapHalii COCTaBOB OCHOBBI Ha CTPYKTYPHBIE XapaKTEePHCTUKH, TaK
KaK MHOTHE (PM3HYECKHE CBOWCTBA CTEKOJI CYIIECTBEHHO MEHSIOTCS C H3-
MEHEHHEM UX COCTaBa.

Ha puc. 37 u puc. 38 npuBeneHs! peHTreHOrpaMMBbI cTekoir NoNe 1-4
1 NeNe 5-9 cOOTBETCTBEHHO; MPEXKIE BCETO, TIOMISPKHEM TO, UTO HA Xa-
PaKTEPHBIX JIJISI CTEKOJI TAJI0 OOJBITMHCTBA 00PA3IOB HAOIIONAIOTCS OTIET-
JIMBO BBIPA)KEHHBIE MAaKCHUMYMBI, TIOJIOKEHHE W OTHOCHTENILHBIE WHTEH-
CHUBHOCTH KOTOPBIX mpuBeAeHH B Tabnuuax 9 u 10. Makcumywm,
cootBercTByrommii & [J12,3° , mpucyTcTBYeT Ha BCEX PEHTTEHOIPaMMax K
MOXKeT ObITh TpuHAT 32 100%.

B tabmiuax 9 u 10 npuBeneHb! pe3yIbTaThl PACYETOB MEKIUIOCKOCT-
HBIX PacCTOSIHUH ¢ , UCXOIS U3 IPEATIONOKEHUS O HAJIMYUU OPAITOBCKOI
J(PaKL|K, TO €CTh JOITYCKAETCsl CYIICCTBOBAHNE KPUCTATTNIECKHX BKITIO-
yeHnil. BemmunHa ¢ paccunTana no ¢opmyne Operdecra (cMm. (85)) u
OTpa)kaeT MPECTABIICHUS O PACTIPEAEIICHIH aTOMOB B TIpe/IefiaX HECKOIb-
KHX KOOPAWHAIMOHHBIX Cep IPH OTCYTCTBUH TPAHCIISIINH.

B tabmurie 11 nmpruBeneHb! cpeHne 3HaUSHNS PEHTTEHOMETPHIECKIX
MapaMeTpoB U CPEIHNE OTKIIOHEHHS OT CpeIHUX. B ckoOKax yka3aHO duc-
JI0 00pAas3IIoB, IO KOTOPHIM ITPOBENEHO yepearenue. J{ist 6oree nerampHo-
TO M3y4YeHHs CTPYKTYPHBIX 0COOEHHOCTEH CTEKOJ HaMH OBLTH IIOCTPOEHBI
(YHKIMH paguanbHOrO pactpenesieHusl aTOMHOM IUIOTHOCTH M KOppeJis-
LMOHHBIE (PYHKLIH.

OyHKIMK paJuaIbHOTO PACIpPEACICHNs aTOMHOHN TUIOTHOCTH M KOp-
pemsiuonnble GyHkuun (KP) Obmm paccunTaHbl O METOIMKE, OIMCAH-
HOH BBIILIE, U TIPECTaBIEHBI HA puc. 39—42.

Ha rpadukax ®PPAII (1, ecrectBenno, Ha rpadukax KD, kotopbie
crpomwuch o ®PPAII) oTyeiBO BHIHBI TPU MaKCHMyMa, KOTOpPhIE U
aHATM3UPOBATTHCH HaMmu. B Tabmmrax 12—13 npuBeneHs! XapakTepUCTHKH
KpUBBIX (puc. 41-42): r — monmoxenue Mmakcumyma Ha KO, /; — BeicoTa
MakcUMyMa, A — MONYyIIHpHHA MaKCUMyMa, S — IUIOIIa b MAKCUMyMa.
Ha ®PPAII u KO paccunTaHsl B aGCOMOTHBIX SIMHNIAX, TaK Kak £
HOPMHPOBAHBI 10 YMCITy 3JI€KTPOHOB B YCPETHEHHON MOJIEKYJIE HCCIIETy-
emoro crekna. OHaKo s 00IeryeHrs CpaBHEHUs 00pa3LoB B TaOIHIax
NPUBEICHBI M OTHOCHUTENbHBIC 3HAUYCHUS BETMYUHBI S .

B Tabnuue 14 npuBeneHsl ycpeaHEHHbBIE TapaMETPhl PAANaIbHOTO
pacnpesiesieHHsl aTOMHOM TJIOTHOCTH (TouHee, xapakrepuctiku Kd), ko-
TOpBIE IIpUBEIEHBI B Tabnumax 12, 13.

[Ipu uccnenoBaHuM CTEKOI Pa3HOTO COCTaBa CTABHJIMCH JIBE 3371a-
4i: 1) mpoaHaNM3UPOBaTh CTPYKTYPHBIE PA3IMIHS TS IBYX CEPHIA, NMe-
IOIIMX HECKOJIBKO PAa3UYHYI0 OCHOBY H 2) paCCMOTPETh CTPYKTypHBIE
pa3Nu4Hs CTEKOI B MpeAeax OJHOM CepuH B 3aBUCHMOCTH OT THUIIA Jie-
THPYIOIIUX J00aBOK.
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Puc. 37. Pentrenorpammer 06pasnoB Ne 1 —4 (cepus 1)
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Puc. 38. Pertrenorpammer 06pasnoB Ne 5 — 9 (cepust 2)



W3 npuBeneHHBIX KPUBBIX (QYHKLUMHA paaraibHOTO PaclpeaeiCHUs
ATOMHOH IUIOTHOCTH M KOPPEISILIMOHHBIX (DyHKIMH CIIENyeT, YTO OCHOB-
HOU CTPYKTypHOM €IMHHULIEH ABIISIETCS KPEMHEKUCIIOPOAHBII TETPaszp, pac-

0

crosaue Si — O pasHoO npumepHo 1,5 A . KoopauHaMoHHOE 9UCIIo Tiep-

BOU KOOPJMHAIMOHHON C(ephbl B HICATHLHOM Cllyyae paBHO z; =4. B
HCCIIeMyeMbIX HaMM CTeKIax z; = 3,5 (Tabnuia 14), mpudeM y HEKOTOPBIX
00pasLoB z, < 3.32T0T (aKT rOBOPUT O 3HAYUTETLHOM Pa3ylops104CHUH
Y ONPEICTICHHOMN «PBIXJIOCTHY CTPYKTYPHL.

HUckaxxenns TeTpaspa, HO-BHAMOMY, OOBSICHSIOT CMEIIEHHE BTOPOTO
munumyma Ha OPPAIT B oGnacts » =3,54 , a pa30poc 3HAYCHUI JUTHHBI
pedpa O —(O TPUBOMUT K YBEIMUCHHIO IMUPHHBI 3TOT0 MaKCHMyMa, 9TO
MOXET YXYILIUTh pa3pelieHue, u oH He nmosButcs Ha @PPAIL. ITo-Bunumo-
MY, IS aHATM3UPYEMBIX CTEKOJ IpUemMiieMa MOJIes b OECIIOPSIIOYHOM CETKU
¢ obacTsiMu 6os1ee BRICOKOTO YIIOPSIIOUeHHs, KOTOPhIE IPHBOIAT K TIOSBIIE-
HHIO OCTaTOYHO PE3KHX pedieKcoB Ha peHTreHorpaMmax (cM. puc. 37 u
38). Koppersitus cTpyKTypHBIX €AMHHLL B HCCIIEAYEMbIX CTEKIIaX OOBSCHSIET
HAJIMYKe MakCUMyMoB Juist 7 = 3,54 na ®PPAII u pentrenorpammax. 3a-
metnM, d = 7,2 A sBisieTcsi cBoe00pasHBIM «CBEPXITEPUOIOM» TS 7+ = 3,54,
a HaJIM4We IPYTrUX MAaKCHMYMOB OTPaXKaeT TPEXMEPHYIO YIIOPSIOYEHHOCTh
CTPYKTYPHBIX SIMHHUII, B KQ9E€CTBE KOTOPHIX MOTYT BBICTYIIATh OCTAJILHBIC
KOMILIEKCHl Si0, -TeTpasip — APYrHue IPYNIHUPOBKH, €r0 OKPY KarOLIUE.
Henb3s nckmovars Bxoxxaenue B Si0, -TeTpadip aTOMOB APYTHX 3JIEMEH-
TOB M CyIIIeCTBOBaHNE HEOTHOPOTHOCTEN cOCTaBa (1, CIIEIOBATENHHO, CTPYK-
TYpbI) B 00BEME HCCIIEAyeMOro 00bekTa. OTMETHM, YTO Ha PEeHTTeHOIpaM-
Max U3y4aeMbIX CTEKON B TIOPOIIIKOBOM BHIE MOIYIISIIMS (hOHA ITOITHOCTEHIO
COBITAJIACT C TOM, YTO HAOITIOMACTCS TSI CITATKOB, HO CEJICKTUBHBIE pehIeK-
CBI OTCYTCTBYIOT. ClIeIOBATEIBHO, ITPU N3MEITFYCHUN — ICTUPAHUY B araro-
BOM CTYIKE — IPOMCXOAUT aMOPGH3AIU CTPYKTYPHI, TO €CTh 00JIACTH C
JIOKAJIbHBIM YIIOPSIOYEHUEM IIPHOOPETAFOT CTPYKTYPBI, OITUCHIBACMBIE MO-
TIEITBEO OECTIOPSIOTHOM OHOPOIHOM CETKH.

MBEI He cTaBUIH 331a4y TOAPOOHOTO 00CYKIEHHS CTPYKTYPHBIX OCO-
OeHHOCTEl CTeKoJ Pa3HOro cocrasa. LIespio sIBsiock onrucanue HeKOTo-
PBIX BO3MOXKHOCTEH pEeHTTeHAN(PAKTOMETPHYECKOTO aHAIN3a CTPYKTYP C
OmmxHMM TopsiikoM. Ho nake M3 KpaTKoro OnucaHus PEHTTEHOTPaMM,
OPPAII 1 KoppeAIMOHHBIX (PYHKIMHA CTEKOJ, B3ATHIX B KAYECTBE IIPHUME-
pa, CllenyeT clieNnaTh, Ha Hall B3[JI, ONPEICIICHHBIC BHIBOBI.

1. /Iy iccne[oBaHHBIX CTEKOJI Hanbosiee mpremMIieMa MOJIETh OJJHO-
POIHO-PA3YIIOPSAIOYCHHON CTPYKTYPHI ¢ BKIIFOYEHHEM O0JIaCTeH JIOKaTb-
HOT'0 YIOPSI0UEHUSL.

111



Tabsmuma 9

Pesynbrarer 06paboTkn peHTreHorpamm oopasiioB NoNe 1-4

ITapametp Ne Pedpnexch

obpasua 1 2 3 4

9° 1 6,167 11,417 12,400 -
2 6,192 - 12,317 13,142
3 6,163 - 12,392 13,333
4 6,158 - 12,417 13,308

I, mm 1 23 11 17

2 10 - 11 6

3 10 - 12 5

4 32 - 42 6

O, Mm 1 4 3 3,5 -

2 4 - 4 2

3 4 - 4 3

4 4 - 4 3

1, 1 161 55 100 -

2 91 - 100 27

3 83 - 100 31

4 76 - 100 11

o 1 7,172 3,892 3,588 -
d, A 2 7,143 - 3,612 3,388
3 7,177 - 3,590 3,343
4 7,182 - 3,583 3,347

o 1 8,822 4,787 4,413 -
A 2 8,876 - 4,443 4,167
3 8,828 - 4,416 4,109
4 8,834 - 4,407 4,117
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Tabsma 10

Pesynbrarel 00pabOTKH peHTreHorpamm oopasioB NeNe 5-9

. Pedexchl
[Tapametp | Ne obpazua 1 2 3 1
5 - - 12,417 -
6 6,150 10,758 12,117 13,233
9° 7 6,208 - 12,375 -
8 - - 12,358 -
9 6,025 — 12,333 —
5 - - 9 -
6 19 8 37 12
I, MM 7 14 12 -
8 - - 10 -
9 7 — 13 —
5 - - 2 -
6 4 3 5 3
O, MM 7 4 - 3 -
8 - - 3 -
9 2 — 3 —
5 - - 100 -
6 41 13 100 19
Y- 7 155 - 100 -
8 - - 100 -
9 36 — 100 —
5 - - 3,583 -
0 6 7,192 4,128 3,583 3,366
d, A 7 7,125 - 3,395 -
8 - - 3,600 -
9 7,341 — 3,607 —
5 - - 4,407 -
0 6 8,846 5,077 4,407 4,140
", A 7 8,764 - 4,422 -
8 - - 4,428 -
9 9,029 — 4,437 —
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Puc. 39. ®yHKIME paguanbHOTO pacTIpeIeNIeHHs aTOMHOH ITTOTHOCTH 00pa3IoB
Ne 1-4 (cepus 1)
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Ne 5-9 (cepust 2)
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Tabmmma 11

CpenHue 3Ha4E€HHS ¥ CPETHNE OTKIIOHEHHS OT CPEIHHX 110 Pe3yJIbTaTamM
00pabOTKH PEHTTEHOTPAMM CTEKOJT IBYX CEPHIiA

[Tapametp Ne Pednexcn
cepun 1 2 3 4
1 6,170- 11,417 12,382- | 13,261-
9° -0,011 -6,032 -0,079
2 6,128- 10,758 | 12,380— 13,23
-0,068 -0,031
1 102-29 55 100 23-8
1
o 2 77-52 13 100 19
1 7,169- 3,892 3,594- 3,359-
d, A -0,013 -0,009 -0,020
2 7,219- 4,129 3,596- 3,366
-0,081 -0,018
1 8,818- 4,787 4,419- 4,132-
r, A -0,016 -0,011 -0,025
2 8,879- 5,077 4,420- 4,140
-0,100 -0,011
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Tabsmma 12

XapakTepUCTUKY PaTrualibHOTO pactpeneneHus crexos NeNe 14

[TapameTp Ne MakcuMyMBbl

obpaszmna 1 2 3
r, A 1 1,55 3,70 5,20
2 1,55 3,55 5,10
3 1,60 3,65 5,10
4 1,50 3,50 5,20

h,a.e. 1 33 3,1 2,6
2 2,8 2.4 2,8

3 3,9 3,6 2,8

4 3,7 4,1 4,0

A, A 1 1,00 1,05 0,95
2 1,05 0,95 1,05

3 1,00 1,00 1,10

4 1,05 1,00 0,95

S(am.) 1 3,3 3,3 2,5
2 2,9 2,3 2,9

3 3,9 3,6 3,2

4 3,9 4,1 3,8
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Tab6imua 13

XapakTepUCTUKU PaTruallbHOTO pactpeneneHus crekosr NeNe 5-9

[Tapametp Ne MaxkxcumyMBnl
obpasia 1 2 3
r A 5 1,40 3,50 5,30
6 1,40 3,50 5,30
7 1,20 3,40 5,00
8 1,50 3,45 5,20
9 0,90 3,30 4,90
h,ae. 5 3,1 4,4 4,2
6 3,3 4,4 39
7 2,4 3,5 39
8 3,3 4,0 39
9 1,8 2,3 2,8
A, A 5 1,05 1,05 0,90
6 1,00 0,95 0,95
7 1,45 0,90 1,00
8 1,05 0,95 1,05
9 1,40 1,05 1,10
S(am.) 5 3,3 4,6 3.8
6 3,3 4,2 3,7
7 3,5 3,2 3,9
8 3,6 3,8 3,9
9 2,5 24 3,1
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Tabimua 14

CpenHre 3HaYSHUS CTPYKTYPHBIX [TApaMETPOB

ITapamerp Ne MakxcumMyMBl
cepun 1 2 3
r A 1 1,55-0,03 | 3,60-0,08 | 5,15-0,05
I 1,28-0,16 | 3,43-0,06 | 5,14-0,15
h,a.e. 1 3,4-0,4 3,3-0,5 3,1-0,5
I 2,8-0,5 3,7-0,7 3,7-0,5
A, A 1 1,00-0,03 | 1,00-0,02 | 1,00-0,06
I 1,20-0,18 | 1,00-0,06 | 1,00-0,07
S(am.) 1 3,5-0,4 3,3-0,5 3,1-0,4
I 3,2-0,3 3,6-0,7 3,7-0,2

2. 1711 CTEKOI TIEPBOM M BTOPO# pacCMaTpUBACMBIX CEPHIl ¢ MaTpH-
[IaM{ HECKOJIBKO OTIIMYHOTO COCTaBa HE HAOMIOAALSTCSl CYIIECTBEHHBIX Pa3-
JIYHHA B CTPYKTYPHBIX XapaKTEPHCTHKAX.

3. OCHOBHBIM 3JIEMEHTOM CTPYKTYPHI SIBIISIETCS, [TO-BHIIMOMY, aTOM-
HBII KOMIUIEKC: KPEMHEKHCIOPOAHBIN TETPadyIp — Ipyrie aTOMHbIE TPYTI-
MIUPOBKH.

4. 3meHeHus copta (INIaBHBIM 00pa3oM pa3mepa) BHEIIPUBIINXCS B
OCHOBHYIO MaTpPUILy aTOMOB BbI3bIBACT U3MECHEHUS TIOJI0KECHUS CEIICKTUB-
HBIX pelIEKCOB, TOJIOKEHUS U BRICOTHI MAKCUMYMOB Ha KPHUBBIX (DYHK-
LU paguaabHOro pacipeaesieHus aTOMHOM TUIOTHOCTH.

Metoauku, aHAJIOTUYHBIE PACCMOTPEHHOM, IIUPOKO U YCIEUTHO UC-
TIOJTB3YTOTCS JAJIsI ICCIIEIOBAHS HE TOJIBKO CTEKOJT, HO M PA3INYHBIX TIOJTH-
MEPOB, CMOJL, JKUAKOCTEH U JPYTUX HEKPUCTAJUTNIECKUX BEIIIECTB.
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15. IPUMEHEHVE METOJIA TTOJIMKPUCTAJUTMYECKOI
PEHTTEHOBCKOI JIM®PAKTOMETPUM JUIS1 UICCIIEJIOBAHMS
CTPYKTYPHBIX OCOBEHHOCTEN KPUCTAJIJIOB

15.1. AHanu3 moJoXeHUH MPUMECHBIX aTOMOB XpOMa B KpHUCTaJlIe
KZnF,

CTpyKTypHBI aHATN3 KPUCTAJUIOB BKITIOYAET TpH 3Tara. Ha rmepsom
JTare 0OCHOBHOE BHIMAHHE HAIIPABIICHO Ha aHAJIM3 TEOMETPUIECKUX XapaK-
TEPHUCTHK KprcTasuta. OnpenessroTcs 3HaIEHI MEXKIIIOCKOCTHBIX PacCTos-
HUH 4 , KpUCTaLIorpapMIecKie HHACKCHI IIockocTel (hkl) u meproms
pewerku (a, b, c,q,3,Y) , TOuedHas ¥ IPOCTPaHCTBEHHAA Ipyrmibl. Ha BTo-
POM 3Tarie onpenesseTcs CTPYKTypa KpUCTAIIA, TO €CTh CTPOUTCS (DYHKIUS
p(xyz) (mmu ¢(xyz),A(xyz)). Ha Tperbem sTarie n3ydaroTcsi HHIAMBHUILY-
aNbHBIE 0COOEHHOCTH (JIeheKThI) KpUCTAIa B 3aBHCHMOCTH OT COCTaBa,
YCJIOBHI pocTa, 00pa0oTKH U T.I1. [lepCreKTHBHBIM HaIpaBIICHUEM TPEThe-
TO 3Tana CTPYKTYPHOTO aHajn3a SIBJISETCS COBOKYITHOCTh METOIOB, OCHO-
BaHHBIX Ha MOUCKaX Hanbosee MHPOPMATHBHBIX IKCIIEPUMEHTAIBHBIX Xa-
PaKTEPHCTHK, IOy 9YAEMBIX U3 CPAaBHEHHS CTPYKTYPHI KOHKPETHOTO KpHCTaJIIa
U €ro ujeaibHOM Monend. B kauecTBe mpuMepa pacCMOTPUM PE3YJIBTaThl
W3Y4EHUS CTPYKTYPBI KpUCTAIIIOB KZn k', , IETMPOBAHHBIX XPOMOM, U CTPYK-
Typbl cuuieHnta (Biy, GeO,,) .

J7ist onpenienieHust JIOKaTM3aliy IPUMECHBIX aTOMOB XpoMa B KPHC-
Taje KZnF, HEOOXOIMMO PacCMOTPETh TPH THIIOTE3bI: aTOMBI XpOMa 3a-
MEIIAKT Zn , AaTOMBI XPOMa 3aMEINA0T K , aTOMbI XPOMa BXOJIAT B MEXKIIO-
y31He, co3aBast 1eeKThl B CTPYKTYpe.

Kpucramer KZnF; nmeror ctpyktypy tina neposckuta ( CaTiO, ),
MIPOCTPAHCTBEHHAs Ipylmna KOTOpOoro Pm3m C NapamMeTpoM sdeilku
a =384 . Pa3nuunas ycraHOBKa sMEHKHU NEPOBCKUTA NIPUBE/ICHA HA PUC.
43, Tae XopoIro BUHA KOOpAWHAIHS Kak aToMOB Cq , TaK M1 77 .

.T.‘ (%-V\)
*» O (F)
o Ca(K)

Puc. 43. Slueiixa nepockuta CaTiQOy:a—arom Ca B Hauaje KOOPAMHAT;
6 —arom 7i B Hayaje KOOPAUHAT
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Kax Bunno u3 puc. 43, xoopaunauus atomMoB Ca(K) u Ti(Zn) B
CTPYKType NepOBCKUTa pasinyHa. AToM Ca(K) OKpy:KeH KyOOKTasIpoM
13 aHHMOHOB C KOOpAMHAITMOHHBIM unciioM (KY) paBHBIM 12, Tak Kak 3TOT
aToM BXOJIUT B INIOTHEHIITYIO YIIAKOBKY. ATOM Ti(Zn) PAacIONOKEH B aHH-
orHoM oktayipe (KU pasHo 6). OmHako TodeuHas Trpymma OnKalmieit
KOOpIMHALMKM 000MX aTOMOB OIMHAKOBA (m3m ) U COOTBETCTBYET CHUM-
METPHHU CTPYKTYPHI TIEPOBCKHTA B TIETIOM.

ITockonbky paccrosiHue B—( B CTPYKType THUIa NEPOBCKUTA
(ABO,) paBHO /2, a pacCTOSHUE 4—( PaBHO NOJIOBUHE JIUArOHAIM
TpaHK dIEMEHTAPHON sueiiki, T.e. ~2(a/2), TO B 3TOM Cllydae, CTPOrO
TOBOPSL, 715l aTOMHBIX PaInyCOB JJOJKHO BBITIOJIHATHCS COOTHOILLIEHUE:

R, +R, =2(Ry +Ry)t, (101)

rae ¢t — QakTop crabmwibHOCTU. B naeansHOM ciydae ¢ =1. 310 yCloBHeE,
B 0011IeM ciTy4ae, BBIIOJIHSIETCS JIMLIb NPHOKEeHHO. Ecii nenosp3oBaTs,

HarpuMep, HOHHBIE paarychl [ onpammMuATa, To pakTop CTabUIBHOCTH |
B JCUCTBUTEIBHOCTH M3MeHUTCS B Tipeaenax 0,8 [1,0. [Ipu Gompimix 3Ha-
YeHMSIX (pakTopa cTabMILHOCTH HAOIIOMACTCST OTKIIOHCHHE CTPYKTYPHI TTe-
POBCKHTA OT CTPOTOi KyOMdIecKkoll CHMMETpHH, a Tiph ¢ < 0,8 CTpyKTypa
HIEPOBCKUTA IEPEXONUT B CTPYKTYpY Jpyroro turna (Harnpumep, 7i0; ). Ho
Y TIpH 3HAYCHUSIX (hakTopa ctabmbHOCTH mopsiaka 0,9 [1,0 BO3MOXKHO 10-
SIBTICHNE UCKAKEHUI CTPYKTYPHI IEPOBCKUTA.

Heo0xonumo yunThiBaTh BO3MOXKHOCTB TaK Ha3bIBAEMBIX MOP(hHUUEC-
KUX 3(PEKTOB, CBA3AHHBIX C IOHIKCHUEM CUMMETPHH TIPU TPOSBICHUN
OIpEJICTICHHbIX CBOUCTB KpucTaiuia. Hanpumep, B BaTiO, TpU CETHETOD-
JEKTPUYECKOM IEepeXojie, KOIla BEKTOp CHOHTAHHOU monspusauuu (P)
HAIPaBJICH BIOJb [001], TOYEYHAs IPyINIa U3 m3m TNEPENneT B 4mm ,

ecmu P mapaureneH [110], TO B mm2, a €Clld P TapajuielieH [111], TO
TOYEYHAs TPYTIIA PUMET BHUI 371 .

CrpyKTypHas aMIUIUTyza Ui KpucTamia KZnF, ¢ naeanbHOM me-
POBCKHTO-TIONOOHOM CTPYKTYpo# mpumeT Bux (cM. (101) u puc. 43):

F(hkl) = fy + [, expTi(h+k+1)+ fr[expTi(h+k)+expTi(h+/])+
(102)
+expTi(h+1)+expTi(k +1)].

Bce pedinexcrl pa3aenyM 1o THITY YeTHOCTH UHIIEKCOB /)] Ha de-
ThIPE IPYNIIBEI (YEPTOM CHU3Y NOKAa3aH YeTHBIA MHAEKC): 1) Akl ; 2) hkl;
3) hkl; 4) hkl. Tax xak hkl BXonaT B F(hkl) cUMMETPUYHO, TO
hikl = hkl = hkl 1 T.1.
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JA71s1 yKa3aHHBIX YeThIpEX TPYIII CTPYKTypHast aMmunTyaa (cm. (102))
OIPEIETACTCS yCIIOBUAMM:

F(hkl)=fx = fz *3fF,

F(K)= f + [ = e - (103)
F(hK) = fx = fz2 = frs

EF(hkD) = fx * [ *3 -

Ecnm atom xpoma BXOIUT B TIO3UIIMIO BMECTO KaJvs B BHJE TPEXBa-
JICHTHOTO MOHA, TO B 3TOM ciiydae (opMmylia KpucTajuia 3almuieTcs:
(K,_3,,Cr.)ZnF,, TaK KaK TOJbKO B 5TOM Cly4ae OyJeT BBIIOIHATHCS
MIPUHIIMIT JIEKTPOCTATUYECKOU HEUTPATTbHOCTH.

Ecmu C —BecoBas KOHIICHTpAallrs XpoMma, TO

_ me, X (104)

sy b

mg(1=-3x)+mox+m, +3m,

rae mj — arOMHas Macca J -aroma. OTCIOZ[a

my +my,, +3m
x=—+F—~ . (105)

EmCr + 3’/nl( _mCr

CrnemoBarelbHO, pacCeUBaIOIIast CIOCOOHOCTD MO3UITAHT KAJTHS F3ME-
HUTCS OT f 10 f, (1-3x)+ fx, un

fxA=3x)+ f,x=f +d. (106)
N3meneHne aTOMHON aMIDIUTYAbI MO3ULIUN KaJUs, CIEIOBATENbHO,
paBHO
8 =x(for =3/x)- (107)
Ecnm TpexBaneHTHBIN XpOM BXOTUT B TO3WINIO BMECTO IIMHKA, TO
(bopmymna kpucramna umeet Bun K (Zn,_, 5., Cr.)F;, TO €CTb

C= me, X' . (108)
my +m, (1=15x")+mqx"+3m,

3HauurT,
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mg +m,, +3mg

X' = : (109)

—mg

T

+1,5my —mg,

Tak kak [z, — [f2, (1—1,5x')+x'fc,,], TO

on +A:on(1_1’5x')+x'fCr' (110)

Ciie1oBaTeIbHO,
A=x"Tf, -L5f,1. (111)
B dopmyity HHTEHCHBHOCTH PEHTT€HOBCKOTO pedhieKca BXOAUT CTPYK-
TypHBIii (axTop F2, kotopsiii papen £ = F [F". Haiinem usvenenue

CTPYKTYPHOTO (haKTOpa KpHCTAIIA C IPUMECHBIM XPOMOM IO CPABHEHHUIO
C HJICTHLHBIM KPUCTAILIOM.

(6,A)‘F2‘ =F-F?, (112)

1€ CUMBOJIBI O,A — COOTBETCTBYIOT BXO’KACHHUIO XpOMa BMECTO KAJIUSI U
BMeCTO IIMHKA. IHIEKCBI p,u OTHOCATCS COOTBETCTBEHHO K PEAILHOMY
(c IpUMECHBIM XpPOMOM) M HACATIBHOMY KPUCTAJLIAM.

Haiinem OF > u AF? 11 4eThIpex IPyII YeTHBIX HHIEKCOB.

SF 2 (hkl) = 28(fc = f +3/7 +8/2),
SF 2 (hkl) = 28(f + f,, = f +8/2).

(113)
6F2(M1) =20(fx = fzu — fr +9/2),
OF > (hkl) =28(fy + f2, + fr +3/2).

AF? (hkl) = =2D(f = f, +3fr —D)2),

AF? (hkD) =20 fx + f7, = fr +1/2), 114

AF? (hkl) = =2B(fy = [ = fr ~B/2),
DF? (hkD) = 2D(f + [, + fr +1/2).

Tax kak OCHOBHYIO HH()OPMAITHIO 00 aHATM3UPYEMOM THIIC 3aMeIIe-
HUA HECYT 3HaKu OF 2 u AF? , TO C JOCTATOYHON TOYHOCTBIO MOKHO
CYUTATH, YTO
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fi=Z; 7, (115)

e Z — 9MCII0 3JIEKTPOHOB HOHA J, [ — eIMHUYHAs aMIUIUTY/Ia paccesi-
HUSL, KoTOpast st KZnfF’, IMEeT BT

Sk ¥ S *3/F (116)
Zo+Z, +3Z,

=

ATtoMHast Macca i ¥ TOPSITKOBBIN HOMEp Z HEOOXOMMMBIX ISl pacue-
Ta qA(PAKIIMOHHBIX TTAPAMETPOB CIICYIOIIHE:
K(39,1;18), Zn(65,4;28), F'(19,0;10), Cr(52,0;21), 0 & u A (cm. (107)
u (111)) umeroT 3HaYCHUS

5=—7 SLC | (117)
0,80-C

peo7 I35C. (118)
L13+C

bbum necnenoBanbl Kpuctaiuibl KZnF : Cr TP KOHIICHTPAIHSX XPO-
Ma, He nipeBbImatonmx 10%. CiaempoBarensHo, O < 0, A > (), XOTs, KaK BUITHO
n3 ycnosuit (117) u (118), & ¢ poctom C pacTeT 1Mo MOIYIO OBICTpee,
qeM A.

Onpenenum BenuuuHbl O F 2| 1 A|F? ‘ JUTS KA3aHHBIX JBYX MOJIEeH
BXOXKJIEHUS XpoMa B KZnF), . Pe3ynsrarsl pacuera IpuBe/ieHb! B Tammue 15.

W3 Tabmmure! 15 BUIHO, 9TO MI3MEHEHHUS MHTEHCUBHOCTEH pediiekcoB
C HEUETHOW CyMMOM WH/IEKCOB MPOTHBOITIONIOKHBI IS PACCMATPHBAEMBIX
MojIeNelt pa3MeIIeH st aToMOB Xxpoma B KZnf’; (XpoM BMECTO KaJvs W
BMeECTO IIUHKA). IMEHHO 3TH peieKChl U SBIIIOTCS HAaHOOJIee 1yBCTBH-
TEIIBHBIMU K THITY BXOXKICHUS XpOoMa B KZnF .

Ha uHTEHCHBHOCTH PEHTIEHOBCKHX PE(IIEKCOB, KPOME CTPYKTYPHO-
TO, BIMSAIOT U Jpyrue (pakTophl: moispu3anuy, noriomeHus, JlopeHia,
reoMeTpudeckuii u apyrue. Cpey HUX 0co00 BhIICIHM (pakTop MOBTOpSI-
emoctu (P), BiausHUE KOTOPOTO IIPU UCCIIEA0BAHUN MTOPOLIKOB BBIPAKe-
HO B 3Ha4YHUTENBHON creneHu. OctanpHble (haKTOpBI, 3aBUCAIINE OT yIiia
paccesTHIsI, MCHSIIOTCS CI1abo.

Kak cnemyer u3 Tabmuitet 15, OTHOIIIEHNE MHTEHCHBHOCTEH peHTTE-
HOBCKHX pedrexcos [(hkl) n [(hkl) BOIKHO yMEHBINATHCS C yBEIUYE-
HHEM KOHIIEHTPAIMX XpoMa IIPH €T0 BXOKICHUH B TTO3UITHIO BMECTO IIUH-
Ka M K YBEIWYEHHIO TIpU BXOKAeHUH Cr — K .
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Tabymua 15

3HayeHus 6‘F > (hkl )‘ u A| F? (hkl)| JJIs IBYX MOzieNeH
BXOXK/ICHHS XpOMa

WKL §F? (hid)|(Cr - K) P2 (wen(Cr — zn)

hkl | 72 163C[16 -60,7C] —, 147C[22,6 -56,7C]
(0,80-C)° (L,I13+0)?

bkl | -, 163C[28,8-76,7C] | -, 147C[40,7-0,7C]
(0,80-C)° (1,13+C)*

hkl 72 163C[16 +20,7C] -, 147C[22,6-16,7C]
(0,80-C)* (113+C)?

hkl. | -, 163C[60,8-116,7C] | -, 147C[85,9+39,3C]
(0,80-C)> (LI3+C)?

Ecin xpom BXoquT B KZnF’,; HE B KATHOHHBIEC MTO3HUIIMH, & B MEXK/I0-
y3JIHs1, TO B 3TOM Cily4yae OyIyT CyILECTBEHHO U3MEHSATHCS MEKaTOMHBIC
paccTOosiHUA B OCHOBHOM CTPYKTYpPE, UTO IIPUBENET K JOKAILHBIM U3MEHE-
HUSIM TIEPUOIA PELIETKY, CO3AACT U3MEHEHMSI 3TOTO MEPUOIA B COCEIHUX
sTYerKax, TO €CTh 3aTParuBaeT MPOTSHKEHHYIO 00JIacTh (10 aTOMHBIM pa3-
MepaM) B KpUCTaJUIE, YTO MOKET IPUBECTH K N3MEHEHHIO KaK MHTECHCHB-
HOCTH, TaK ¥ TIOJIOKEHUS PEHTTEHOBCKUX pedurekcoB. i1 n3ydeHns Tako-
ro tuna BxoxiaeHus Cr B KZnF, HE0OOXOAMMO NPOAaHAIM3HPOBAThH
M3MEHEHHS TIOJIOKEHUS Y3II0B 00paTHON PEIIeTKH KPHCTaIlTa, KOT/a mapa-
METp PELIETKH (a) , ONIPeIeTIEHHBII 110 pedexcaM ¢ pa3IMIHbIMU HHIEK-
cam" hkl , IMeET He OJTHO, CTPOro ONPEENICHHOE 3HAUEHHUE, a XapaKTEPH-
3y€eTCsl HEKOTOPBIM CTaTHCTHYECKUM pactipeneienueM (a) . B kadectse
MOJIETH PacCCMOTPUM OJHOMEPHBIN CITydail, COOTBETCTBYIOLIMNA HEYIIOPsI-
JIOYEHHBIM CMEIIaHHO-CIOMHBIM CTPYKTypaMm, KOTOPBIE ITPEACTABISIOT CO-
0ol pa3ynops109eHHOE YePEI0OBaHHUE CIIOEB C pasmepamu d,,d; ,...d .

[lycts n =2 . U3 Teoprn nudpakiyy caenayer, 9To

I(S)= F,F Ay exp 2TiSxyg » (119)
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_2sind .
e S =———,Xq — NuHeiiHag komMOuHauua d, u d,, A,z — «BCTpe-
B 2 ap p

A

YaeMOCTb» Xqp .

JList ciryqaliHOTO pacnpesiesieHus CIoeB d, U d, CIPaBEIIUBO yC-
JIOBHE:!

Agp =CLs P (1- PP (120)

T.C.

IS)=F>S §C%P%(1-P) exp2miS(ad, +Pd,) -
a+p

0o =—00 3=—0co0

OueBHHO, eciv a >0, T0 B>0, 1, €cad o >0, To >0, 3HAYHNT,

I(S)=F{ S S[CeaP* (1~ P)P(exp2miSd,)® (exp27uSd, )" +
a

o pw
@ e o o B (121)
+% CoupP™ (1= P)" (exp(=21USd, )" (exp(-2TUSd, )" ] — 1}
Ilpu a +B=n,
I(S)= F* {3 [Pexp2Tid, S +(1- P)exp2Tid,S]" +
n=0
(122)

+ i [Pexp(—2T1uSd,) + (1 — P)exp(—2T1uSd,)]" -1} .
Ecm J(;;ynn craraeMbIX B ypaBHeHHH (122) meHblue 1, To ecTb
(‘[P exp 21id, S +(1- P) exp 21id, S]" ‘ <1, u
‘[P exp(-21uSd, +(1— P) exp(-2T6Sd, )] ”‘ <1) , TO pSAABI CXOIIATCS U OyzeT
MIOJTy9YeHO yCIIOBUE, 3BECTHOE Kak hopmyna XeHnpukca-Teepa:

F?*2P(1-Psin® 18(d, —d,) .(123)

1(S)=
) 1-Pcos2185d, —(1— P)cos 218d, —2P(1- P)sin* TiS(d, —d,)

OmnpenenuB nHTeHCUBHOCTH [ (S) peHTreHOBCcKuX pedriekcoB B ab-
COJIIOTHBIX (RJICKTPOHHBIX) €AMHHULIAX W 3HAYEHUS S, MOXKHO HalWTH KOH-
LEHTPALMIO CJIOEB B CMEIIAHHO-CIIOWHOM CTPYKTYpE.
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Jlst 6orree neTanbHOTO aHAI3a KapTUHBI TU(GPAKIINN HAlIeM dKCT-

pemyM (yHkuun /(S) , korna Z_é =(, TO €CTh

3 n[Pexp2mid, S +(1- P)exp 21id, S|" "' [2Tid, P exp Sd, +2Tid,, (1~ P) exp 2TiSd,, ] +

+ 3 n[Pexp(-21uSd, + (1 - P)exp(-21uSd, "' [-2Tud, Pexp(2TuSd, ) -
-21id, (1 - P)exp(-21isd, )] = 0,

OTCIOIa,
|d,Pexp2TiSd, +d,(1- P)exp 2TiSd, |= 0 . (124)
CnenoBartenbHO,
1-P)d
sin 215d, = —% sin 215d,, . (125)

1
Ilpu (1- P) << P BrpaduueckoM pemeHnn ypapHenus (125) Touxkn

. . 1-Pd, .
nepecedeHus (yHKITHN y, =sin2n8d,,y, = T—Z sin 2TSd , TEXUT
1

OKOJIO d|, T.€. CTAHOBHTCS TTOHATHBIM, IOYEMY ULl CMEIIAHHO-CIIOMHBIX
CTPYKTYp SKCIIEpHIMEHTATBHBIE 3HAYEHHST 00paTHBIX 0a3aTbHBIX MEXKIIIOC-
KOCTHBIX PaCCTOSHHN HE 00pa3yroT HENOYNCICHHYTO CEPHIO, T.C.

(doo) ™ i (dogy) " 1ot (dog) ™ #1200 (126)

BimstHIE TPEXMEPHOTO Pa3yHopsI0ueH s Ha TIOTOKEHHE Y3II0B 00-
paTHOM pENIeTKH PaCCMOTPHUM I10 aHAJIOTUYHON METOMKE.

Jlnst KpucTawioB KZnF, CTPYyKTypHas aMILUIMTY/A PACCYUTHIBACTCS
o gopmyie (102). MTHTEeHCHBHOCTD paCCESTHHOTO PEHTTEHOBCKOTO M3ITy-
YEHUsI C TOUHOCTHEO JI0 MHOXKHTEJICH OTPeessieTCst PopMyIIon

I(H)=7Y ;AijjF,E exp 2TUHr ), > (127)
J

e F'; — cTpyKTypHas aMIUIUTy/a Jj -Toi sueiku, [ — BEKTOp 0OpaTHOM
PELIETKH, ¥ —BEKTOP, COCMHAIOIMHA / -TYIO U k — TyIO s9ehKu, A T
«BCTPEYAEMOCTB» BEKTOPA 7' .
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Ecnu B cTpykType UMEIOTCs sIMEMKH IBYX TUIIOB, paclipeielICHHbIE
CTATUCTUYECKH, TO

A, =Cl, PP (128)

Jtk
3necy P, — koHUeHTpauus siaeek tana 1 (P + P, =1).
J71st st4eeK TpexX TUIIOB
— itk pipk
Ay =CLn Ciu B Py P

Jjtk+n

OrpaanguMcs CIyvaeM n = 2, Torma
I(H)=Y Y Cly PP exp2mi(jn +kny), (129)
7k

IIe r, — JIMHCHHAS KOMOMHALMA 7, U F,,r; — Pa3Mep AYCHKH B HANpaB-
JIEHUH, OLIPEJIENIIEMOM BEKTOPOM F .
ITycte j+k = g, Torna Gopmyna (127) mpumer Bu:
1(H)=5 (Pexp2min H + P, exp21irH f . (130)
4

B y3max oOpaTHO# perneTku

dl

dH
Onno u3 pemiennii ypasHenus (130) HaxoauTcst U3 yCIOBUSL:
Py sin 2 H + Pyr, sin 210, H =0. (132)

Ecim P, =0, 10 H HMMeeT cTporo nepuoanyeckue sHadenus. Ecim
P, >> P,, TO y31Ibl B 0OpPaTHOM HPOCTPAHCTBE PEAIBHOIO KPUCTAJLIA Ba-
PBUPYIOT BO3JIC UACAIBHBIX MOJIOKEHUM. DKCIEPUMEHTAIBHO ATO MPOSIB-
JSIETCS B CIICYIOIIEM: TapaMeTphl stueiiku a(hkl) , onpeneneHHble 1o ped-
JIEKCaM C Pa3Iu4YHBIMH KPUCTAILIOrpaUIeCKUMHU HHIAECKCAMH I10
KBQIPaTHYHOM (hopMyJie KyOHMUECKOTO KpUCTaLIA:

A 1
a2 ey =g v s (133)
2sin
MOTYT OTJIMYATHCS APYT OT PyTa Ha BEJMYHHBL, CYIIECTBEHHO MPEBhIIIa-
IOIIME OIIMOKM SKCIIEPUMEHTA, a AucnepcHs pacupeneneHus a(hkl) siB-

JISIETCST CBOEOOpa3HON MEepOH CTPYKTYPHBIX HecoBepieHCTB. [lomymmpn-
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Ha peIIEKCOB TAKKE MOYKET ObITh PA3IUYHOM U1 pasmuuHbIX {4kl . Cre-
JIOBATEIbHO, CTATUCTUYCCKUM aHaau3 COBOKynHOCTH a(hkl) mo3Boisier
CZeJaTh BBIBOJA O CTYIIEHH CTPYKTYpHOH OJHOPOAHOCTH HCCIIEAYEMOTO
KpHCTaJIa.

Ecnm ipu ananm3e nedekToB 3aMemieHusl OCHOBHOE BHUMAaHHE YIie-
JISIETCSl ”THTEHCUBHOCTHU PEIIEKCOB, TO U OTBETA HA BOMPOC, BO3MOXKHO
JIM BXOJKIEHUE aTOMOB XpPOMa B MEXII0Y3IHs1, HEOOXOMIMO C HanOObIIIeH
TOYHOCTBIO HAXOAUTH MEKIUIOCKOCTHBIE paccTostHus d (hkl) .

Hccnenosanus kpuctamios KZnF Cr>* BBINOIHEHBI HA PEHTIeE-
HoBckoM audpakromerpe JIPOH-2.0. CheMku mudpakrorpaMm IpoBeie-
HBI B PSKHUME:

—wmsnydyenue Cu K, QUIBTpOBaHHOE;

— IIEJTM KOJUTUMATOPA: TOpH30HTabHAs — 0,5 MM, BepTUKAIBHAS —4 MM;

— CKOPOCTb JIBFDKCHHSI CYCTUIHKA 2 Tpajl [MuH";

— TOK M HampsbKeHue Ha Tpyoke — 10 MA, 26 kB;

— CKOPOCTH IIPOTSHKKH THArpaMMHOM JICHTHI 720 Mm/d;

— mpexen uzmepenns 2 [10° umrr/c;

—ycunenwne 128;

— TIOCTOSTHHASI BpeMeHH 2 C.

O0pa3iibl U3MENBIAINCH B araTOBOM CTYITKE H 3aIlPECCOBBIBAIIUCEH B
CTaH/apTHYIO KioBeTy. CheMKa IpOBe/ieHa C BpallleHHeM 00pasia BOKPYT
TOPU30HTAJILHOM OCH, COBIA/IAIOILEH C HOPMAIIBIO K TIOBEPXHOCTH 00pas-
1a U ¢ OUCCEKTPHCOM yra (TI— kok), tne ky,k — eqMHIYHBIE BEKTOPEI
Magalouero u qJuparupoBaHHOTO JIy4eil COOTBETCTBEHHO.

[penBapuTtensHO M3y4daIoch MI3MEHEHNE MHTEHCHBHOCTH PACCEsTHHO-
TO U3ITyUCHUS TIPH PA3IMIHON OpreHTaImy oopasiia. TekcTypsl He 00HapY-
KEHO.

Pesyisrarsl aHamM3a pEHTTEHOTPaMM KPHUCTAIIIOB KZnF, :Crit e
Pa3TMIHON KOHIICHTPAIMEH XpoMa MpHUBEICHEI B Tabmmiie 16, B KOTOPOit
TIPe/ICTaBIICHBI CIEAYIOMINE TapaMeTPHI:

1. 1,,,/1,;; =K — cpemHee OTHOLIEHHE WHTCHCUBHOCTEH PEHTre-
HOBCKHX peduiekcoB 210 u 111 npu necITHKpaTHOH CheMKe.

2. <I/I > — cpeHEKBaPaTUYHOE OTKIIOHCHHE OTHOLICHHUS TI0 JIe-
CSITH U3MEPEHUSM.

3. d,;; —MexmIockocTHoE paccrosue (111).

Ad

4. 7(1 11) — oTHOCUTENbHAs OIMOKA d |}, .
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5. a,,, —1apameTp sMEHKH, ONPEICICHHBINA 10 d |, ; ay;, =\/§dm.

6. d,;, — MEXIUIOCKOCTHOE paccTosnue (210).

7. Ad (210) — oTHOCHUTEIIbHASA OIIHMOKA d ), .

d
8. a,,, —THapameTp TYEHKH, ONPENEIECHHBIA IO d 5,5 Ay, =\/§d210.

9. ay/a,,, — OTHOLICHHE TAPAMETPOB STUCHKHU, OHPEICICHHBIX 110
pednexcam 210 u 111.

10. <g > — cpenHee 3HaUCHHUE TTapaMeTpa SIUCHKH, OMpeeIIEHHOS
1o BceM pedrekcam (HaumHas ¢ pediekca 220).

11. 0 — macnepeust a(hkl) .

12. P — MUKHOMETPUYECKAs INIOTHOCTb.

st npumMepa B Tabsuie 17 mpuBesieH pacyeT peHTTeHOIPaMMBbI KpH-
cramia KZnF, ¢ conepxanuem xpoma 0,1 %. 3HadeHust u3yyaembix BEJH-
YMH JIaHbI C OKPYIJIEHUEM, CYIIECTBEHHO MPEBBIIIAIOIINM OIIHOKH IKCIIe-
PUMEHTA.

13 TaGrmutibt 16 BUJTHO, 9TO TIepHoJt pemmieTku Kpuctanna KZnF; : Cr>*
HE 3aBUCHUT OT KOHLEHTPALMK XPOMA U NPAKTUYECKH U3MEHSETCS B IIpeie-
JIaX MOrpenHocTel sxcrepuMenta (a = 4,050 0,002 4) . 3akon Berapaa
HE BBINOJNHSAETCS. JTOT (PaKT MOKHO OOBSICHUTD CIIEAYIOLIUM.

Ecan atoMbl Xpoma BXOIST B TO3ULMHM BMECTO LIMHKA, TO YCJIOBUE

IUIOTHEMIEH yIlakoBKu K U F' He Hapyuiaercs. B 3ToMm ciyyae ¢ yBenu-
YeHHeM KOHIIEHTPAITHK XpoMa oTHomierne /5, /1|, IOmKHO yMeHbIIATS-
cs1, 9To M HabmomaeTcs srcrepuMeHTansHo st 0 < C < 0,05.

Kak cnenyet n3 dopmyi (107), (111), (112), ctpykrypHBIE PaKTOPHI
PEHTI€HOBCKUX Pe(UICKCOB ¢ HEUETHON CyMMOM MH/EKCOB UL KpUCTAJ-
JIOB C aTOMaMH{ XpOMa B TIO3ULIMU BMECTO [IMHKA UMEIOT BUJL:

F*(hk) = (fy = [z = fr =B)" =(R-D), (134)
F*(hkl) = (fx = f2 +3fr —D)* =(S-D). (135)

B Tabnue 18 npencrapieHbl Bce HEOOXOAMMbIE BETUYUHEI IS Pac-
qeTa TeopeTI/IquKOIZ?I 3aBI/I3CI/IM0CTI/I K = K(C).3naueHus f TIpUBE/ICHBI
+ + + - o
muonos K, Zn"" ,Cr™" ,F . Tak Kak ¢ JOCTaTOYHON TOYHOCTLIO
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(PLG)zm F10Po0 , (136)

(PLG) i Fiyy Py
TO
_ 248,7(-14+16x")’ (137)
8016,2(9,8+17,3x")*
U, yUuTbIBas CBsA3b My x' U C (cM. ypaBHeHue (117)), nomyuum
(1 + 6 (1+63C) )’

[IpoBeneHHbIE peHTIeHAN(PPAKTOMETPUIECKIE UCCIICIOBAHNUS TIOKa-
3aJT, YTO U3 TPEX MOJETICH BXOXKICHHUS IPUMECHBIX aTOMOB XpOMa B KpHC-
taul KZnF (1) — B no3unmu nuHKa, (2) — B no3uuuu Kamus, (3) — B
MEKIOY 3/ SKCTIEPUMEHTY COOTBETCTBYET OZJHA MOJIEITh, & UMEHHO — BXOXK-
JIEHHE aToMa XpoMa B TIO3UIINI0 BMECTO aToMa IrHKa. [Ipu aTom o6pazy-
€TCs CTPYKTYpa CO CTAaTUCTHYECKHM pacIipeIelIeHIeM aTOMOB ITIHKA, XPO-
Ma W TyCTOT B JTOW MO3ULIHNU TPU COONIOAEHUW NPUHIHAINA
ANIEKTPOCTATHYECKOM HEUTPAITbHOCTY KpUcTasuia. [ [pu KOHIIEHTpalusix mpu-
MecHoro xpoma 6osbie 0,05%, BEposSTHO, POUCXOUT U3MEHCHUE BAJICH-
THOCTU ¢ +3 Ha +2, IpUYeM C YBEIIMUCHUEM KOHIICHTPALUHU KOJIMYECTBO
JIByXBAaJICHTHBIX aTOMOB XpoMa Bo3pacTtaeT. [IpuBeneHHbIe BRIBOIBI COOT-
BETCTBYIOT pe3yJIbTaraM MU3MEPEHHUSI OTHOILCHUNA UHTEHCUBHOCTEH PEHT-
reHoBckux peduexcoB 210 u 111, 3Ha4eHHIO YCPEAHEHHBIX MApaMETPOB
SIYEHKH U JUCTIEPCUU pacTIpeICICHUs a(hkl) , a TaKOKe SKCICPUMCHTAIIb-
HBIM BEJIMYMHAM NHKHOMETPHYECKOW TIOTHOCTH MCCIEAOBAHHBIX KPHC-
TaJJIOB, KOHIIEHTPAIHs XpoMa B KOTOpBIX m3MeHsuiack ot 0% mo 10%.
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vel

P €3yJIbTaTbl peHTFeHOI‘pa(l)I/I‘IeCKI/IX 1 MUKHOMETPHUYICCKUX I/ICCJ'IG}IOB&HPIIZ

Ne Hapamerp KoHnenTpanus xpoma B %
oI 0,0 0,1 0,3 0,5 1.0
! Lo/l =K 3.16 2,95 2,99 2,98 2,83
2 <I/1>% 8 6 14 2 o
. dyyy, A 23383) | 2338() | 23390) | 224006) | 23380)
4 (Bd[d),,,,% 0,005 0,04 0,01 0,02 0,02
> ap, A 4050(4) | 4049(7) | 40513) | 4.0540) | 4.050(5)
6 dyyo, A 1.811(4) L811(5) 18122) | 181203 1.312(1)
7 (Ad[d)y,0.% 0,010 0,010 0,006 0,004 0,010
8 o d 4,050(4) 4,050(6) 4,052(2) 4,052(4) 4,052(0)
9 drio/an 1,000(0) 1,000(1) 1,000(2) 0,999(6) 1,000(4)
10 <a>, A 4,049 4051 4,051 4,051 2.050
H o 00* 4 20 28 24 %
12 p,e/cen’ 4,02(6) 3,97(9) 3,96(8) 3,912) 3,96(7)




oel

[Iponomxenune Tabmumip! 16

Ne Hapamerp Konuenrpanuus xpoma B %
o 2,0 3,0 5,0 6,0 8,0 10,0
: Lo/l =K 2,50 2,34 2,28 2,31 3,03 335
2 <I/I>% 10 14 8 10 12 8
3 d A 2,338(1) 2,339(0) 2,338(4) 2,337(9) 2,338(6) 2.339(2)
4 (0d/d),, % 0,02 0,02 0,02 0,02 0,01 0,02
5 @, A 4,049(7) 4,051(3) 4,050(2) 4,049(4) 4,050(6) 4,051(6)
6 dypo, A 1,808(6) 1.812(3) 1.811(3) 1,810(3) 1,809(4) 1,810(0)
7 (D [ d) 0% 0,020 0,020 0,016 0,025 0,010 0,020
8 a0, A 40442) | 4052(4) | 4050Q2) | 4.04800) | 4046(0) | 40473)
9 asio/ e 0,998(6) 1,000(2) 1,000(0) 0,999(6) 0,998(8) 0,998(9)
10 <a> A 4,048 4,050 4,050 4,048 4,050 4,049
11 o0 21 24 12 9% 165 108
12 p,2/cn’ 3.87(8) 3.83(0) 3,77(7) 3,8509) 4,06(4) 40309




TaGmuma pacuera pertrenorpammsl KZnF, : Cr*

Tab6uua 17

Konnenrpars xpoma 0,1%. <a> =4,0514,Aa =0,001 4 (MHTEHCHBHOCTH

(1) BYCIOBHBIX EAMHALIAX).

Ne g o I | hkl o
d, A a, A

1 | 10,980 | 404 | 80 | 100 | 4,04
2 | 15625 | 2,859 | 206 | 110 | 4,048
3 | 19250 | 2338 | 9 | 111 | 4,049
4 | 22375 | 2,023 | 154 | 200 | 4,046
5 | 25167 | 18Il | 27 | 210 | 4,050
6 27,758 1,653 51 211 4,049
7 32,525 1,432 50 220 4,050
8 34,775 1,350 9 300 4,050
9 36,950 1,281 20 310 4,050
10 | 41,167 1,170 9 222 4,053
11 | 43,267 1,123 2 320 4,049
12 | 45,333 1,083 17 321 4,052
13 | 49,467 1,013 6 400 4,052
14 | 51,583 0,983 3 410 4,053
15 | 53,750 0,9548 11 411 4,051
16 | 58,183 0,9062 10 420 4,053
17 | 60,583 0,8840 1 421 4,051
18 | 63,083 0,8636 3 332 4,050
19 | 68,583 0,8271 7 422 4,052
20 | 71,833 0,8104 2 500 4,052
21 | 75,667 0,7947 10 510 4,052
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Tabmma 18

Xapaxrepuctuku peduiexcos 210 u 111 KZnF, : Cr™*
HeoOxomumeble s pacyera K = K(C)

hkl | sind fx | fo |fr | for | R S

A
210 0,275 11,6 | 204 | 5, 14,6 -

0

111 0,216 13,3 | 224 | 6, 16,3 9,8
mi | D (R-D) (S-8) | P | PLG
210 -16,0x -14,0+16,0x 24 8,7
111 -17,3x 9,8+17,3x 8 16,2

15.2. OHpeZ[CHCHI/Ie IMMOJIOXKCHUS IIPUMECHBIX aTOMOB B CUJIJICHUTC

B npenpinyniem naparpage Obuta paccMOTpeHa METOIMKa TOHCKa
Hanbosee MHPOPMATHBHBIX peIIEKCOB IS OIPEICIICHNS XapaKTepa BXOXK-
JICHUSI IPUMECHOTO XpOoMa B TIEPOBCKUTO-TIONOOHYIO CTPYKTYpY KZnkF; .
Jlnst moumrocTpany BO3MOYKHOCTEH TTOPOITKOBOH PEHTTEHOBCKON TU(pak-
TOMETPHH TIPUBEJIEM €LIe OIMH NPUMED, CBA3aHHBIA C H3y4EHUEM CTPYK-
TYPHBIX OCOOEHHOCTEH CHIUICHHTA.

Cunenutsl Bi, GeO,, BrepBble ObLIU HOIYUECHBI B 1a00PAaTOPHBIX
yenoBwsix 6oiree 60 et Tomy Hazan JI.I.CuteHoM, a mo3nHee ObLTH 00Ha-
PY>KEHBI UX MPUPOAHBIE KpucTaiuibl. CHIUICHUT 00NIaaeT LeNbIM PAIoM
YHHUKaJIBHBIX CBOMCTB, U3 KOTOPBIX YKaKEM CIICTYIOIIHE.

Kpucramibl cuieHrTa MOTYT BKIIFOMATH 3HAYUTEIIEHOE KOJIMYESCTBO
MIPUMECHBIX aTOMOB (70 8 aT. %), HO mapameTp SYEHKH IPH STOM IPAKTH-
YeCKH HE MEHsIeTCSI.

PenTrenoBckast IIOTHOCTh CHIIEHUTA MEHBIIIE TMKHOMETPUIECKOI.

MOHOKpHCTAIIIBI CUJUICHUTA PACTYT XYy>Ke, €CJIA B HICXOTHOM ILIHXTE
BBIJIEP)KaHO CTEXHOMETPHYECKOE COOTHOIIIEHNE BICMYTa M TEPMaHHSI.

J171s1 TOrO 9YTOOBI OOBSICHHUTH 3TH 0COOCHHOCTH, HEOOXOIMM OoJIee CTPO-
TH{ aHaJ3 KPUCTAIUIIMYECKON CTPYKTYpPhI CHIIIEHNTa, KOTOPYIO TIPEIIo-
sun JLINCuinen, a 3aTeM ee yTOYHUIM Apyrue uccuenosarenu. HM3sect-
HO, YTO VI IOCTPOSHHUS CTPYKTYPHI Bi,, GeO,, OBLIO MPOAHATU3UPOBAHO
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4812 peduekcoB, u3 KOTOphIX 631 CUMMETPHUYHO He3aBUCUMBIE. IMEHHO
9TH TaHHbIE OBLIH B3STHl HAMU TS aHAITH3A.
YcTaHOBJICHO, 9TO IPOCTPAHCTBEHHAS TpyTIa cryuieHnTa 123, mapa-
o

merp stueiiku a = 10,140 4. AToMBl Krcopo/ia 3aHIMArOT MO3UIIHH B TPEX

IpaBUIIbHBIX cucTeMax Todek: obmas (O,) u ase yacthbie (O, O,). Koop-
JIMHATH CAMMETPHYHO HE3aBUCHMBIX aTOMOB ITPUBE/ICHBI B TabmwmIe 19.

Tabmua 19
Koopauuarst aromoB B Bi,, GeO,,
Atom Koopaunaara

X y z
Bi 0,82409+11 | 0,68158+12 | 0,98433%11
Ge 0 0 0
O, 0,8655+27 0,7477£28 0,5145+32
0> 0,8019+18 0,8019+18 0,8019+18
Os 0,0977£28 0,0977£28 0,0977+28

Marpwuria-renepaTop IpoCTPaHCTBEHHOU TpymImel 123 MeeT BUI:

00 1f-1 0 o |04
g=[1 0 00 -1 o+0, % =32+, (139)
01 00 0 1 [0}
YTO MO3BOJISIET OIYYUTh MAaTPHUHOE TIpeICTaBIeHHE rpymbl 123
k|q|m
Gl 2"+ (140)
k=1,2,3;m=1,2

¥ KOOP/IMHATBI BCEX aTOMOB B suerike: 24-Bi, 24-0 , 8-0,, 2-Ge.
OmnpeneneHHBIE BBIBOABI O CTPYKTypE CHIIICHUTa MOXKHO CIETaTh,
CpaBHHUB €€ CO CTPYKTYpoi Y-(a3pl okncH BUCMYTa, HUMEIOIEH Ty K
NPOCTPAHCTBEHHYIO I'PYIILY, YTO M CHLIeHUT, T.. 123. [lapamerp peruer-
xu Y-Bi,0,, a=10,2684. Ilpu paccMOTpeHHH CTPYKTYphl CHIUIEHHTA
OOHApYKMBAETCs €€ HECOOTBETCTBUE CO cTexuomerpueit Y-Bi,O,. Jlek-
CTBUTEIILHO, cooTHOIIeHue Bi : O B Y-daze umeer 3nauenue 2 : 3, Toraa
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Kak B cuiuieHute otHomeHue Me : O paBro 13 : 20. [{ns cobnronenus
YCIIOBHS SIEKTPOCTATHIECKQN HEUTPIBLHOCTH Y -(haswl cocTas y-Bi,0,
CIEAYEeT 3anucarhb Kak Bif;zBl-Z Bi Zf 5o » T-€. OTHOLICHHUE Bi: O paBHO
13:20.

Ecnm cumtats, uTto mipu 0Opa3oBaHUM CHIUIEHHTOBOW (ha3bl MOXKET
OCTaThCs He3aIOIHEHHON TIO3UIIHS B IIEHTPE KUCIOPOTHOTO TETPadIpa, TO
HapsTy ¢ azoit Bi,, BiO,, BO3MOXHBI Bi, (Bi A\ )0y, Bi, (Bi y D)0
v Bi,(Bi A,_, )0, A€ A — BaKaHcus B TeTpasupe. Kpome Bij,GeO,, U
Bi,,SiO,, W3BECTHBI KPHCTAILIbI, 0OPa30BaHHBIE C yIaCTHEM JIPYTHX aTO-
MOB Bij,[4,B,]0,, Tne A= Fe,Ti,Ga,Zn;B = Bi, P, As . B npunuure,
BO3MO)KHO 00pa3oBaHUE KPUCTAILIOB, H30CTPYKTYPHBIX CUIUICHUTY, B KO-
TOPBIX 3aMEILICHUE B TETPayIpax UICT MO CXEME DGt — 43+ + B+ 1mbo
3Ge* ~ A** +2B°". Torna cCWIEHUTHI Bi,  FeO,, U Bi,ZnO,, MOKHO
3aIUCath B BUNE Biy, (Fey Bi\ )0y U Bijy(Zn Biy)Oy - Cumnenur ¢ co-
CTaBoM Bi,;Ti;0,) 5 BbI3BIBAET OCOOBI UHTEPEC, TAK KAK OTHOLICHHUE
Bi:0=0,57<0,600 . Eciu cocTaB onpeneneH BEpHO, TO CIEAYET IpU-
3HaTh, YTO BO3MOXKHO HE TOJIHKO 3aMeIeHIe TIO3UIMI B TETpayIpax, HO U
3aMeIleHne B KUCIOPOTHOM TIOHIIpPE, KOOPAMHUPYIOIIEM BUCMYT. YKa-
3aHHBIA CUILUIEHUT MOXKHO 3alUCaTh B BUAE (Bi,, Ti, )(Ti yBiy D)0, Cun-
JICHUT Bi,s Zng 5Oy .5 HE BIMCHIBACTCS B TPAAWLMOHHYIO (hOpMyITy, Tak
KaK OTHOLIEHUE (Bi+Me): 0 =0,57 <0,671 3aMeTHO Oouiblile, 4eM Tpeldy-
eTcsl M0 «KJIACCHUUYECKOI» (hopMylie CHIUICHUTA, B COOTBETCTBHH C KOTO-
POil 3TOT KPHUCTAIUT MOKHO IIPEACTABUTh B BUIE Bi,, (Zn yBis )0y +0,4Bi.

Hamiume HeliTpaibHOro atomMa BUCMYTa, HE BKIIFOYEHHOTO B KpHCTATI-
JIOXUMHYECKYI0 (POPMYITy CHIUICHUTA, IPUBOAUT K MPETIONOKEHHIO O TOM,
YTO B CTPYKTYpE 3THX KPUCTAJJIOB UMEIOTCS OONACTH, B KOTOPBIX MOTYT
Ppa3MeIaTses IPIMECHBIE aTOMBI, HE BXOILILINE B CTEXHOMETPUUYECKYIO (op-
Myny criieHuTa. LIeHTpe1 31X o0nacteii, KoTopble B AaibHElIIeM OyeM,
Ha3bIBaTh MIyCTOTaMH, HMEIOT KOOpJUHATHI
(%4,0,0),(0, 4,0, (0,0, %),(0, %4, %), (5,0, 5),(}5,}5.0), T.e. Ha d1eMeH-
TapHYIO SUEUKY MPUXOIUTCS 1IEeCTh ITycToT. [Ipu nepeHoce Havana koopiu-
HAaT B UEHTP ITyCTOTHI KOOPAMHATHI KOOPAXHUPYIOIIHX ITyCTOTY aTOMOB Oy-
IOyT UMETh 3Ha4YeHUsl, npuBeAeHHbIe B Tabmune 20. 3xech xe yKa3aHo
paccTosiHUE OT KOOPAMHUPYIOLIETO aToMa JI0 LIEHTpa ITycToThI. brbkaiiias
KOOpJMHALIMS ITyCTOTHI ONMCHIBAETCS] TOUEYHOM Ipynmon 222, u B Hel Mo-

TyT pa3MeIIaThCs aToMbl 4 M pasMepamMu 74 , TAKUMIL, UTO 7, + r, < 2,57 A.
PaccrosHre MeX Ty COCSTHIMU ITyCTOTaMH paBHO 5,07 A . @opmyria cusuie-
HHTA MOYKET OBITh 3aIKMCaHa TaK: Bi, Ge020<> , TIe ¢ — CUMBOIJI ITyCTOTBI.
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CoxpaHsis CBOM CTPYKTYPHBIHA MOTHB, CHJJICHUTBI MOTYT XapaKTepH-
30BaThCA  PA3JUYHBIMH  KPHUCTAIUIOXUMHUYECKUMHU  THUIIAMHU;
Bil2 (AXBiI—x )020 (Dy<>3—y) ’ (BiIZ—zCZ)(A)OZO (Dyo:i—y ) ’rﬂe A’ B? C’ D -
aroMbl METAJUIOB IPUMECEH, x MPUHUMACT OJTHO U3 3Ha4eHul 1, 1/2, 1/3;
V,Z MOTYT IIPUHUMATE 3HAYCHHS, BEPOSITHO, HE TTPEBHIIMIAIONIHEC CAMHH-
ITy; () — CHMBOJI BaKaHCHH B TETpadIpe.

To, 9TO CHIIIEHUTHI XapaKTePU3YIOTCS 3HAYUTETEHBIMA N3MCHCHUS-
MH CBOETO COCTaBa M YTO B MX CTPYKTYpE CYIIECTBYIOT CBOCOOpA3HBIC
CTPYKTYpPHBIC YYaCTKH (ITyCTOTHI), KyZla BXOIST aTOMBI, HE BXOISIINAC B
KPHUCTAJUTIOXUMHUYECKYIO (DOPMYITY, SIBIISICTCS PAKTUYCCKU OOIICTIPU3HAH-
HbIM. OntHaKO J71st GoJiee CTPOroro 000CHOBAHMST HEOOXOMMBI CIICIHAIb-
HBIE SKCIEPUMEHThI, OCHOBAHHBIC HA aHAIIN3E PEHTTCHIH(DPAKTOMETPH-
YeCKUX JaHHBIX. [Ipy 3TOM HEOOXOAMMO YUYHTHIBATH, YTO HUCCIICOBAHUS
JIOJDKHBI OBITh BBITIOJIHEHBI METOJIAMU MOJUKPUCTAIUTMIESCKON PEHTICHO-
rpaduu, TaK KaK OJHOPOHBIC KPUCTAILIBI CHILICHUTA IIEPEMEHHOTO COCTa-
Ba BBIPATUBATH IOCTATOUYHO TPYITHO.

[pesxae yeM repexonuTh HEOCPEACTBEHHO K PEHTTeH NP PAKITMOHHBIM
IKCTIEPUMEHTaM, HEOOXOIMMO HAHTH HarOosee MH(DOPMATHBHEIC TTapaMETpPhI
PEHTTEHOBCKOM AU(DPAKIIAH JYTS TTOATBEPKICHIS (FITH OTIPOBEPIKEHIIS) YKa-
3aHHOU BBIITIE THITOTE3bI O HATMYHHY B CHIUICHUTE CTPYKTYPHBIX ITYCTOT.

[lycTs MMeeTCs KPUCTAT CO CTPYKTYPOH CHIJUICHHTA C COCTaBOM
Bi A,0,,A —arom (atomel) Metauta. OT yKa3aHHOTO COCTaBa HaJIo Iie-
peiiti Kk popmyne Bi,Me, O,,,Ta¢ p =ak, g=am, a = 20/n . Bo3amMoxHO
JBaciydast: p+q >13 ¥ p +q <13. B nepBomM—KpHCTAIIIOXUMHYECKYTO (hop-
MyJly Hajao 3anucarb B BUAE: Bi,(Bi,Mes)0,,(Bi,Me, 0+ ,_.), TOE
12+r+n=p,s+r=gq IIpustom HEOOXOIMMO CIIEINTE 3a BBIIOJIHEHUEM
YCIIOBHS 2JIEKTPOCTATUIECKOM HENTpasibHOCTH. 151 prMepa MpUBeIeM pac-
YeT KPUCTAITIOXIMUYCCKOH (DOPMYITHI CHIDTCHHTA C COCTABOM Bi,s ¢ Zn 5 Os4 55
IToncunraem cymmy Bi+Zn =26,1; (p+q:0 =26,1:38,75>13:20), T.C.
JlayKe TIPH 3aIlOJTHECHUH BCEX TO3MIMKA Bi M Zn OCTaHYTCS W30BITOYHBIC

aTOMbI MCTaJljila, KOTOPBIC pasMECTATCA B ITYCTOTax. CJ'Ie,Z[OBaTeJ'IBHO,

Biys ¢ Zn O34 75 oTO Biy, (Bi)Oy (Big 121 569 53) Hiy
Biyy (Zn  Biy, )(Big 4795 53) (M X CMECB).

ITpn HeCTEXHMOMETPHIECKOM COCTaBE CHIUICHUTA 00pas3yercs He Jie-
(extHas (c AeeKTaMu 3aMELICHNs WM BHEPEHUsI) CTPYKTYpa, a CTPYK-
Typa, B KOTOPOH HEWTpaJIbHbIE aTOMBI BHEPSIIOTCS B ITyCTOTHI HEMIOCPEA-
CTBEHHO B Mpoliecce pocTa KpucTawia. [Ipu kpuctaim3anuu B paciiaBe
00pa3yroTcs Kak KHUCIOPOIHBIE TETPadIphl C TePMaHUeM (KpEMHUEM HITH
JPYTUM aTOMOM B LIEHTPE), TAK ¥ BUCMYT-KHCIIOPOJHBIE OKTaApbL. Pa3me-
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Tabsma 20
Koopaunarsr atomoB (yBesunuens! B 10° pas), OKpy»KaroIIUX IyCTOTY

B cuwmtennte (O —(000))

No ° ° °
0,=2874 0, =2,90 4 Bi=254
II.I1.
x y z x y z x ¥ z
1 -135 | 248 | 015 | 015 | -135 | -252 | 182 | -015 | -175
2 135 | 248 | -015 | -015 | 135 | -252 | 182 | 015 175
3 135 | -248 | 015 | -015 | -135 | 252 | -182 | -015 | 175
4 -135 | -248 | -015 | 015 135 | 252 | -182 | -015 | -175

PBI BUCMYTa CYLIECTBEHHO MPEBBIIIAIOT Pa3MEPhI OKTA3APUIECKOMN ITyCTO-
ThI, ¥ IO3TOMY OKTa3pbl MEHEE YCTOMUYMBBI, YEM TETPA3PHL, HO MOCIE-
JTHAE MOTYT OOBEIMHUTH OKTa3Iphl BOKPYT ceds B kiactep. Ilockombky
KHUCIIOPOI-TETPAsdp BXOAWUT B OKPY’KEHHE arOMOB BUCMYTa, TO OKTa’Ap
HACKKAECTCsl, a KOOPAUMHALMOHHOE YHCIIO BUCMYTa CTAaHOBUTCS PABHBIM
CEMU.

ATOMBI BUCMYTa IIPU POCTE KPUCTAILIOB MOTYT 3aHUMATh MOJIOKEHHS
KaK B CTPYKTYPHOM KHCJIOPOIHOM MONUAIPE (MCKAXKSHHOM JIO TerTadapa
OKTa’7Ipe), TaK U B LEHTPE MyCTOThl. BUCMYT-KHCIOPOAHBIE MOMUIPHI
MOTYT, BEPOSITHO, 00Pa30BBIBATh KJIACTEPHI ¥ BOKPYT ITyCTOTHI, B KOTOPYIO
3aXBaTBIBAIOTCS HE TOJIBKO aTOMBI JIESTHPYIOIINX 3JIEMEHTOB, HO U, I10-BH-
JIIMOMY, BUCMYTa, T€PMAaHHA, KPEMHHA U JPYTUX aTOMOB, KOTOPBIE MOIVIH
ObI 3aHATH U CTPYKTYPHYTO MO3HLHI0. Clie10BaTeIHHO, IPH CTEXHOMETPH-
YECKOM COOTHOIIEHUHU B Bi,, GeO,, = 6Bi,0;Ge(, B UCXOIHON HABECKE
B IIPOLIECCE POCTa YacTh aTOMOB BUCMYTA MOIIAAAET B IIyCTOTHI U CTPYK-
TypHas CTEXHOMETPUS HAPYIIUTCSA, TAK KaK HEITOCPEACTBEHHO CTPYKTYP-
HBIX aTOMOB B; Ha SUYEHKY OCTaHETCSI MEHbILIE, YeM 24, XOTS B UCXOAHOU
HAaBECKE CTEXMOMETPUsI BblIEepkaHa. PaccMaTprBaeMoe pa3MeILIEHUE aTo-
MOB IIPUMECH, C OJHON CTOPOHBI, HUKAK HE BIMSET HA XapaKTep MOJIO0XKe-
HUSI aTOMOB HEMIOCPEJICTBEHHO B CTPYKTYPE KPUCTAILIA, a C APYroi — 00yc-
JIOBJICHO UMEHHO OCOOCHHOCTSIMU 3TOH CTPYKTYpbhl. B oTimune ot
MIPUMECHBIX aTOMOB WJIHM IIPUMECEN B IIIMPOKOM CMBICIIE, aTOMbI IIPUMEC-
HBIX DJIEMEHTOB B Bi,, GeO,, MOXHO Ha3BaTh CTPYKTYPHBLIMU IPUMECH-
MH, KOTOPBIE BCTPEYAIOTCS ¥ B IPYTMX KPUCTAIUIAX.

Bo Bropom ciyuae, korma p +¢g <13, T.€. KOIrua B KpUCTaIOXUMU-
gyeckre (POpMYITbI B KA9eCTBE CTEXHOMETPHYECKOTO KOMIIOHEHTA BBOJISTCS
BaKaHCHH, U3 CAMbIX OOIINX COOOpayKEeHHI, BO3MOYKHO, JTOITYCTHTEL 00pa-
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30BaHME BAKAHCHH B LIEHTPAX KUCIOPOIHBIX TETPASIPOB ¥ B BUCMYT-KHUC-
JIOPOIHBIX TENTAdPaX, T.€. B CTPYKTYPHBIX KOMITO3HIIMSAX aTOMOB METaI-
J1a, HO OTO YK€ YETKO BBIPAXKCHHBIE CTPYKTYPHBIE I€()EKThI BHIMUTAHHMSL.

Ecnu npumecHbIie aToMbl pa3MELIaroTCs B IyCTOTaX CTATUCTHYECKH,
TO OHH, 00pasysi CaMOCTOSATENBHYIO MOAPENIETKY, BHOCAT ONPEICIICHHBIN
BKIa] (P) B 3HAYCHUS CTPYKTYPHBIX aMILIHTYH (F) :

@ = flexpTi(h+k)+texpTi(h+])+expTui(k +1)]+expTih +:
+ exp Ttk + exp Tu/] (141)
71e f— aToMHasi aMIDIUTY/Ia PACCESTHUS IIPUMECHOTO aTOMa B ITO3UIIHH () .

Paccmorpum 3nadeHnss @ npu pa3MyHOM YeTHOCTH HHAEKCoB h, k, I:
1) hkl; 2) hikd; 3) hkl; 4) hkl (4eTHBIE HHACKCHI TOTYEPKHEM CHU3Y).
Tak xak uHAEKCH BXOIAT B (opmyny (141) cummerpudHo, TO, Ha-

npuMep, 3HaueHus hkl, hkl, hkl >xBuBaneHTHBI. 3HadeHUT @ U YeThIpEX

yKa3aHHBIX ciy4daeB cuenytomme: 1) @=0,2) d=-2f 3) ¢=0,4) P=6f.
Takum 00pa3oM, MOAPEIIECTKA MPUMECHBIX aTOMOB HE MPUBOIMUT K
TOSIBJICHHIO peIIeKCOB, 3anpenieHHbIX B [-sruetike. OnHako

® (k) =F,  -2f ®GHk)=F,  +6f (142)

[ockonbky Fpm OIPEACISCTCS MPU YCIIOBHUH, YTO ITyCTOTHI CBO-
0OIHEL, a F, . ydYdTHIBAaCeT W3 3aMONHCHUE, TO F - Fpm = @®. Jlusa
PEePIIEKCOB CO BCEMU YETHBIMU MHJICKCAMU /kl — 3TO pa3HOCTh OOJIbIIe
HYIIS, 171 pedlieKca ¢ MHIASKCAMH CMEIIIaHHOW YETHOCTH — MEHBIIIE HYJIS.

[IpocrpancTBeHHAs rpymiia CUILICHUTa HE UMEET IICHTPa CUMMET-
pyH, T.€. CTPYKTYPHBIE aMIUTUTY/IbI SBJISOTCS KOMILICKCHBIMH BEJTHYHHA-
mu Buna F(hkl)= F |t iF,, tne F,, F, — NeACTBUTENbHAS U MHUMAS
YacTH COOTBETCTBEHHO.

Bemuuaa @ (cM. hopmyiry (141)) Bcerma neicTBUTENIBHA, T.C.

F = (F + CD) + iFBpacq (143)

Bpacu » 9KCh Apacu

Y.

Fo = +iF

pacu Apacu

nIn

Foipges T O+ Fl e (144)

F2 s = F ppacs + F? Foren = (
pacu — Apacu Bpacu ,
Cpemee 3uadenne < AF* >, Kak 970 BUIHO U3 ycsiosus (144), pasHo:

<AF? >=<(F?oen = F? pacu) >=<®2F, .. +®)>  (145)

pacu
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Tak Kak ‘FApacq‘ >|®|, a (F,)>0, 10 313K <AF? > B Qopmyne
(145) ompenensercs 3HakoM @ . CireoBaTeIbHO, €CITH PEATIOKEHHAS MO-
JeIb CTPYKTYPhl CUIUIEHMTA BEpHA, TO < AF? > JOJKHO MMETh Pa3HbIHA
3HAK B 3aBHCUMOCTH OT YeTHOCTH k] © IUTs BCeX YeTHBIX k] (AF? > >0,
a s peIeKCOB C MHACKCAaMU CMEMIaHHOW deTHOCTH (AF )< 0. MuI
HPEIOIIAraeM W3JIMIIHUM IIPUBOIUTS JIMTEPATyPHbIC 3HaUYeHUs F , JUIst
UJICAIbHON MOIENM M F,  , IOJyYEHHBIE M3 PEHTICHOBCKHX IU(PaKTo-
METPUUYECKHUX IKCIICPUMEHTOB. YKKEM JIHIIb, 4TO U3 631 CUMMETpUYHO
HE3aBHCUMBIX Pe(IIEKCOB YHCIIO pedIEeKCOB CO BCEMH YETHBIMU HHICKCA-
Mu paBHO 144. OmnpefienieHHOe I HUX 3HaueHne < AF2 >=6,7 . Pacyer
<AF? > nust 487 pedaekcoB ¢ MHACKCAME CMEIIAHHON YETHOCTH Jall
BenmuuHy <AF? >=-1,7.

Takxum 006pa3oM, TOCTATOTHO IPOCTON PEHTTEHOBCKHU SKCIICPUMEHT
TI03BOJISIET C/IENIATh PSIT BEIBOJIOB, TO3BOJIIOIINX YTOYHUTH CTPYKTYPY KpH-
CTaJUIOB CUIIICHUTA.

CrpyKTypa KpUCTAIIIOB CHJUICHHATA XapaKTepU3yeTcs TEM, UTO B Hel
MMEIOTCS CTPYKTYPHBIE TIO3UIMH (ITyCTOTHI), B KOTOPBIE MOTYT BXOIIUTH
HEUTpaIbHBIE IPUMECHBIE, HE TIPEyCMOTPEHHBIE KPUCTATUIOXUMITYECKON
(bopmyioii, aToMbl (A4), paanyChl KOTOPBIX YHOBJIETBOPSAIOT YCIOBHIO
rytrg <2574.

[IpemnoxeHHast MOZENb HE TPOTHBOPEYUT PEHTTEHOMETPHYECKAM
pe3ynbTaTaM H3MEepeHHs CTPYKTYPHBIX (PaKTOPOB, B3SATHIX U3 TUTEPaA-
Ty(psl, 1 T03BONISIET OOBICHUTH AHOMAJIBHBIE CBOWCTBA KPUCTAJIOB
CUJUICHHTA.

B mycToTsI B iporiecce pocTa KpECTaUIOB MOTYT BXOAWUTH aTOMBI Bj
nm Ge , 9TO HapyIIaeT CTEXUOMETPHIO, BBIIEPKAHHYIO B UCXOHOM IITHX-
Te, ¥ HE CIIOCOOCTBYET POCTY COBEPIIICHHOTO MOHOKPHCTAILIA.

Ilpu pacyere peHTreHOBCKOI IIOTHOCTH (P ) ATOMBI PUMECH HE
YYUTBIBAIOTCS, TOTA KaK PU SKCIIEPUMEHTAJILHOM OTpeIeNICHUH TTHKHO-
METPUYECKON IUIOTHOCTH (D, ) OHHM IPOSIBISIOT CBOE BJIUSHHUE, OITOMY
P, <P,-

[TpumecHbIe aTOMBI Pa3MEINAOTCS B IyCTOTaX W CIa00 BIMSIOT Ha
napameTphl JIEMEHTAPHOM STUEHKU.

[IpuBeneHHbIE MPUMEPHI TOKA3BIBAIOT BO3MOXXHOCTH METO/IA PEHTTe-
HOBCKOH TU(PAKTOMETPUH JUIsl PEIIICHUS 33/1a49 TPETHETO 3Tara CTPYKTYp-
HOT'O aHAJIN3a U MOTYT OBITh UCIIONB30BAHBI IS U3YYCHUSI CTPYKTYPHBIX
0COOEHHOCTEW KPICTAIUIOB IPYTHUX THITOB.
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16. TIPUMEPBI ITPUMEHEHI S METOJA PEHTTEHOBCKOH
JUOPAKTOMETPUU JUJIA PEIHNEHMA 3ATAY
MATEPUAJIOBEJIEHIA

16.1. PCHTFCHOMCTpI/I‘lCCKOC OIIPEACJICHNUC TOJMIUHBI 3allIUTHBIX
METATTIIMYCCKUX HOKpI:ITI/If/i Ha MOBCPXHOCTU APYTIOro MeTaljia

Jnst yBenm4eHns: K3BHOCOCTOMKOCTH METaNIMYECKUX U3AENUi B y3-
Jax TPeHWs WM TP HAJIMYNH arpECCHUBHBIX Cpell MX pabodylo MMoBepX-
HOCTH TTOKPBIBAIOT TOHKUM CJIOeM Oosiee mMpodHoro merayuia. [yis otux
LeJIeH UCTIONB3YOTCS PAa3IMUHbIE METOIBL: AIEKTPOXUMUYECKOE OCAXKIE-
HUE, XUMHYECKOE OCaXICHUE, BaKyyMHOE HalbuleHue U ap. B mponecce
PpaboThI TONIIMHA 3aIIUTHOTO OKPBITHSL, HAIIPUMED, BCIIEICTBHIE TPEHUS,
YMEHBILIAETCSI M MOKET AOCTUYB ONPENETICHHBIX KPUTUYECKUX BEINYNH,
KOTJIa TTOBBILIAETCS] BEPOATHOCTH TEXHOJIOTMUECKOTO BHIX0/1a 000pYHI0Ba-
HUs 13 pabouero coctosaust. ClieioBaTeNbHO, ONpeeIeHre TONIIMHBI [10-
BEPXHOCTHOTO 3aLUTHOTO CJI051 3KCIPECCHBIMU HEPA3pyLLIAOIMU METO-
JIaMU SABJISIETCS BaXKHOW PAKTUUECKOM 3a1aueil.

Metonuky onpeneseHus TOAIMHBI 3aIUTHOTO ITOKPBITHS PACCMOT-
PUM Ha IpUMEPE U3yUEHHSI XPOMOBBIX IIOKPBITHIA HA METHBIX AJIEKTPOTEP-
MOIUTACTU(UKATOPAX, TPAMEHIEMBIX TIPH ITPOM3BOJICTBE CHHTETHUECKIX
HOJMMEPHBIX BOJIOKOH. M ocHoBa (Cu), 1 mokpeiThe (Cr) ABISIOTCA 110-
JIMKPUCTAJUTMYECKUMMU.

WHTEHCUBHOCTD PACCESHHOTO PEHTICHOBCKOIO M3IIYYEHHS! ; HA 10~
POILIKOBOM OOBEKTE, KaK YKa3bIBaJIOCh paHee (cM. (26)), onpenensercs yc-
JIOBHEM:

I(hkl) = 1,F* (hkl) pGNKA . (146)

HaroMHuM, 4T0 [, — MHTEHCHBHOCTB NIaJA0LIero J1y4a; F° (hkl) —
CTPYKTYpHbIi (akTop; p — (dakrop nosropsemoctd; G = G(8) — dak-
TOP, 3ABHUCAIIMNA OT yIiia AU(PaAKIK W BKITFOYAIONTHN B ce0s (haKTOPHI
reoMerpuyieckuii, Jlopenua u nonspuzamuu; N — GakTop pasMEpHOCTH,

3aBUCSIIMNA OT YUCIIA PACCEUBAOIHX IIEHTPOB; K — K03 UIIMEHT repe-
XO0JIa OT EKTPOHHBIX K IKCIICPUMEHTAJIBHBIM SIUHUIIAM U3MEPECHUSI UH-
TEHCUBHOCTH; 4 — (DAaKTOp MOIIOMICHUS.

[Tpu ncnonp30BaHUM PEHTTEHOBCKOTO TU(PPAKTOMETPA JIISl ChEMKH
PEHTIEHOTPaMM METAILIOB, MIOKPBITHIX IJICHKAMH JIPYTHX METAILIOB, C Iie-
JIBEO OTTPEICIICHUSI TOJIIIMHBI STHX TUICHOK, FHTCHCUBHOCTH PEHTT€HOBCKUX
Pe(IIEKCOB OT OCHOBBI [, M TIOBEPXHOCTH 3AILUTHOTO MOKPHITHS [, MONB3Y-
F0TCST (DOPMYITaMHL;
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S .
I, :IoFlzlel o exp(=0,h)> (147)
Vo,
q,S
20,
rae g — ko3 UIMEHT, onpeeseMblil yCIOBUAMU dKCIEPUMEHT; S —

I, =1,F; p,K, [1 - exp(-0,h)]> (148)

OcBelIaeMasi peHTT€HOBCKHM JIy4OM ITOBEPXHOCTh; )/ — 00BEM 3JIeMeH-
TapHOW SYCHKW KPHUCTAUIA; /4 — TOJIIMHA TOBEPXHOCTHOM IJICHKH;
_2u o o .
O, = Angu (W — MHENHBIH K03()OHUIMEHT OCIabNeHus); 9, Opor-
TOBCKHIA Yroit; 1 ¥ 2 — UHJIEKCHI OCHOBBI U IIOBEPXHOCTHOM TJICHKU COOT-
BETCTBEHHO (puc. 44)).
Ecnu myis ananmza BRIOpaHbI OIHM3KO JIexkaniue pedlieKchl 3allUTHOTO
HOKPBITHSL K OCHOBBL, T.€. ¥, =3,,T0 G, = GZ,KIU =K,,q,=q,-
CrenoBarelibHO, OTHOIICHHE MHTEHCHBHOCTEH PeIICKCOB TIOBEPX-
HOCTHOTO IIJICHOYHOTO ITOKPBITHSI 1 OCHOBBI IMEET BUJI;

I, F22p2 ar),
=——= " Jexp(0,h)-1]. (149)
1 Flzpz(oV)z TP

[prMeHM OnMcaHHYTO TEOPHIO TSI aHAJIH3a TOJIIIFHBI XPOMOBOT'O O~
KPBITHs! Ha ME/IHO# OCHOBE. B 9TOM Ciy4ac MOXHO B3ATh pehieKChL: XpoM —

211 [d=1172.4,(51094 20,427 4 ]; Memw 220[d =12714,5094203934 .

Todeunble rpyIIbl U3yYaeMbIX BEILECTB: XpOM — Im 3m , Meab — Fm3m .
OrtHorreHus paKTOpoB MOBTOPSEMOCTH H OOBEMOB 3JIEMEHTAPHBIX STYEEK
XpOMa U MEJU COOTBETCTBEHHO paBHHI 2 U 1,969. OTHOLICHHE CTPYKTYp-
HBIX (JaKTOPOB YKa3aHHBIX pediekcoB xpoma u Meau paBHo 0,127. C yue-
TOM NPUBENICHHBIX 3HaueHui Gopmy:na (149) npumer Bu:

I, (211) _

(0}
=0,502—“[exp(O . A )—1]. 150
]Cu (220) O'Cr[ p( Cr Cr) ] ( )

B Tabmumax (cMm. Tabnuity 21) oObIMHO NPUBOASATCS BEIMIUHBI Mac-
COBBIX KO3()(PHIIHEHTOB MOMIOLIEHHS, KOTOPbIE Ha/I0 AETUTh Ha ITIOTHOCTh

Marepuaia p, 4ToObl OIYYHTh JMHEHHbIE KOI(POHIMEHTHI NOIIOLIEHHS.
3Buauenns K .}, p MICCIIE/lyeMbIX BELLECTB JUIS Pa3HBIX aHTHKATONOB [PH-

BeIeHbI B Ta0mmme 21.
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»\\ P

Q# > U 277

o . . 0
Puc. 44. Cxema iajieHust pEHTTEHOBCKHX JTy4eill Ha OKPBITHIH IUTEHKOM MeTaiu: S~ —
najaoumii nyd; S - paccesiHHBIN JIyY; - yron Bynbga-bparra

®opmyisl (149) u (150) mpUMEHUMBI TOITHKO TS aHATH3a HETEKCTY-
PHPOBaHHBIX 00Pa3IOB. B aHaNMM3MpyeMoM ciTydae BBITIOIHEHBI UCCIIEIO0-
BaHMs HAJIMYMS TEKCTYPBI, JJIS YETO CTPOMIUCH TOJFOCHBIC (DUTYPBI TIO
CTaHIAapPTHBIM METOIMKaM. Hanmuust BRIpa)KeHHBIX TEKCTYP HE OOHApYIKe-
HO. BhITIOJTHEHHBIE MCCIIeIOBaHMS MTOKA3AJIH, YTO CheMKa HETIOJIBUYKHOTO
Y ChEMKa BPAIAFOIIETOCS BOKPYT HOPMAJIH K €r0 TIOBEPXHOCTH 00pasia
MPUBOJIAT K OJIMHAKOBEIM (B TIpe/ieiax MOTPEITHOCTH 3KCIICPUMEHTA) pe-
3yJBTaTaM, 4TO TO3BOJISICT MPOBOAUTH WUCCICOBAHUS HETIOCPEACTBECHHO
pabouuXx MOBEPXHOCTEH W3/ICIIA, HCIIONB3YSl CTAHIAPTHYIO TIPHCTABKY K
TOHHUOMETPY ArdpakTomMeTpa.

JI7st omipesieNieHns TONIIMHBI XPOMOBOTO TIOKPBITHS HA METHOM I10-
BEPXHOCTH 110 I3MEPEHHOMY OTHOIICHHIO MHTEHCUBHOCTEH pediiercoB 211
xpoma 1 220 Me T MOKHO TI0JTE30BaThes ypaBHeHHeM (150) ¢ yaeTom mimm-
HBI BOJIHBI PEHTTEHOBCKOTO M3TydeHust (cM. Tabmuity 21). s onpenene-
HUSI TOJIIIMHBI XPOMOBOT'O TIOKPBITHUS TIPEIaraeTcss HOMOTpaMMa, TIPUBE-
JieHHas Ha puc. 45. Meroauka pabOThl ¢ HOMOTPAMMOUN COCTOUT B
CIIEYIOLIEM.

1. T1o ocu opAMHAT OTKITAABIBACTCS SKCIIEPUMEHTAIBHOE OTHOIIICHHE

1., (211)/1,(220) ¥ IPOBOAUTCS FOPHU3OHTAIILHAS JIMHHUS JI0 TIEPECEde-
HUS C JTMHUCH rpaduka.

2. W3 3TO# TOUKM IPOBOIUTCS BEPTHKAIBHAS JIMHUS /10 IEPECEUCHUS
CO IIIKAJION, COOTBETCTBYIOIIEH HUCTIOIH30BAHHOMY aHTHKATOMY, YTO U OII-
PEIENTUT TOMIIHY XPOMOBOTO TIOKPBITHS B MUKPOHAX.

Hanpumep, eciu [, (211)/1,(220) pasuo 10, To 1yist u3mydeHus
ot W-aHTukarona /s =157 MKM, oT Mo — / =16 MKM | T. 1. Be16op u3iry-
YeHMS OTIPEEIIACTCS MHTEPBaIaMU TOJIIIMH TUICHKH (CM. puC. 45).
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Tabimma 21
XapaKTepUCTHKH MOMIOMCHUS PEHTTCHOBCKHX JIy4el MEIbI0 U XPOMOM
(y — MaccoBble K03 HIMEHTH! TOIIOIEHNs, CMY/T; || — IMHEeHHbIe
p K02 HUIIHEHTBI OTTIONIeHHS, cM 5 O ,cM™!)

° 0,209 | 0,559 | 0,709 1,541 1,658 1,789 1,936
A A

AHTHKATON w Ag Mo Cu Ni Co Fe
H/p Cu | 1,495 26,4 49,7 52,7 65,0 79,8 98,8
Cr | 0910 15,7 30,4 259 316 392 490
u Cu 13,0 229,7 | 4324 | 458,5 | 565,5 | 6943 859,6
Cr | 6,543 112,9 | 218,6 1862 2272 2818 3523
o Cu | 316,0 2089 3100 15,13 1734 1973 2257
Cr | 146,8 | 946,8 1445 5665 6424 7384 8531
Ocy /oCr Cu | 2,152 | 2,206 | 2,145 | 0,267 | 0,270 | 0,267 | 0,265

[Tpu ucnonb30BaHUK CEPUIHOTO PEHTTCHOBCKOTO JU(PaKTOMETpa
JIPOH-2.0 npu cTaHIapTHBIX METOIMKAX ChEMKH TTOTPEIIHOCTH U3MEpe-
HUSI TOJIINH COCTaBISU +5 %. J{11s1 OMHOKpaTHOTO M3MEPEHHNS TONIINHBI
MOBEPXHOCTHOTO MOKPBITUSI PEHTTCHOBCKUM METOJIOM TPeOyeTCsl BCETO
HECKOJIbKO MUHYT. [1py peanuzariuu npeiaraeMoi MeTOIMKNA HeOOXO/H-
MO TPETyCMOTPETh UCKITFOUCHHE JaBIICHUS] MACCHBHBIX 00pAa3IoB Ha TO-
HUOMETP H(paKkToMeTpa, TaK KaK 3TO MOXKET MPUBECTH K €r0 TIOJIOMKE.
OrmcanHast METOINKAa 0COOCHHO YI00HA B TEX CITy4asx, Kora He TpeOyeT-
Csl TOYHOTO 3HAHUS TONIIMHBI IIOBEPXHOCTHOTO MOKPBITHS, & HEOOXOAUMO
KOHTPOJIUPOBATH €T0 OJHOPOIHOCTh. Mepoli CTeNeH! OHOPOIHOCTH TOJI-
IIMHBI CITYKUT BapUAIKs U3MEPSEMOro OTHOIICHHSI MHTCHCUBHOCTEHN ped-
JIEKCOB.

OueBUIHO, YTO PACCMOTPEHHAS METOJIUKA MOXKET OBITh HCIIOJIb-
30BaHa JUIsl aHAJU3a U IPYTUX METaJUIMYECKUX Tap: MOKPHITHE—OCHO-
Ba. JIy1s1 Kax 10 mapbl HEOOXOIUMO BEIOPATh OTM3KO PaCTIONOKEHHBIC
peduiekchl, HaAWTH Bce TpeOyeMble BETMYMHBI M UX OTHOIICHUS, T.C.
o popmynam (149) u (150) pacuer BemeTcs IS KaXK0TO KOHKPETHO-
ro ciyyvasl.
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Tevizen zuszon
b2
b 22
L 20
18
16
14
12

X h, Mrm
S0 100 150 2CC

5 10 15 20 =My

" n A LA
s 10 15 20 25 30 Y
M5 y Cu

1 2 3 4 5 6 7 & 9
12 3 4 5 6 9 N
1 2 3 4 5 6 - =l
— Fe
1 2 3 4 5

Puc. 45. Homorpamma a1 onpeienieHus! TOIIIMHBI XpOMOBOTO IIOKPBITHS IPH
Pa3IMYHBIX AHTUKATOAAX PEHTI€HOBCKOI TPYOKH

16.2. OnpeneneHue comepkaHus yriaepoja B MapTEHCUTE U
KOHIICHTPAIMH ayCTEHUTA B CTAJISX

MeTtonapl peHTTeHOBCKOW MU(PAKTOMETPHH YCIEIIHO HCIOIb3Y-
IOTCS JUTA ONPEIENICHUST COCTaBa psifia TBEPIBIX PaCTBOPOB U CILIABOB.
[Ipuanmn metona nocrarouHo npoct. ITycTts umeroTcs aBa anemeHTa A
u B, KoTopbie 00pa3yloT HeNpephIBHBINA TBEPABIA PacTBOP. DTH Bellle-
CTBa U30CTPYKTYpHBIE, TO €CTh ONUCBIBAIOTCS OHOM M TOM ke Toued-
HOMW TpyMNIIOH, HO MEPHOABI UX PEIIETOK pa3auyHbl. I WILTIOCTpauun
paccMoTpuM ciydaii, korga 1 A u B oTHocsATCS K KyOM4YeCKO# CHHTO-
Huu. Torna siuelika oNMUChIBaeTCS OJHUM IapaMeTpoM ¢ . YHCThIE, TO
€CTh OTHOYJIEMEHTHBIE KPUCTAILIBI MMEIOT TIEPHOABI ¢, U ap. IlycTh

a,>ag (pI/IC. 46)
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Puc. 46. Unmoctparus 3akoHa Berapaa

IIpy yBenMYEeHNMH KOHLEHTPAUMK KoMIoHeHTa A (C ) mapamerp
PELIETKY MOHOTOHHO PacTeT. 3aBUCMMOCTh ¢ OT C , MOKET ObITh JIMHEH-
Hou (iuaus 1 Ha puc. 46). B 3ToM cityyae KOHIICHTPAIHsi KOMITOHEHTHI A
(C ;) HaxomUTCsl M0 SKCTIEPUMEHTAIILHO ONIPEIETICHHOMY IIEPUOTY PEIIETKH
(4 ) HaOCHOBaHWM yCJIOBHs, HA3bIBAEMOIO 3aKOHOM Berapra:

9KCn

CA = aJKCn _aB D]OO% (151)

a,—dg

Ecu 3aBucumocts C, = f(a,,,, ) HE ABISETCS TMHEHHON (KpUBbIE
2 nm 3 Ha puc. 46), To 11 OCTPOEHUs KpuBOM Juist onpenenenus C
HEOOXOMMO HCIOJB30BaTh 3TaNOHbL. [IpHHIMIEI, 3a0)KEeHHBIE B 3aKOH
Berapna, MOryT OBITh HCTIOIB30BAHBI JJIsI PELIEHHSI MHOTHUX APYTHX 3a/a4,
B YaCTHOCTH, [ULS1 ONIPEENICHUSI COACPKaHUsl YIIICpO/ia B MAPTEHCUTE BbI-
COKOYIJIEPOTHBIX CTaJIEH.
J1J1s1 KprCTaJUIOB TETPArOHAILHOW CHHI'OHUHM, K KOTOPBIM OTHOCUTCS
MapTEHCHUT, d OIMHUCHIBACTCS KBAIPaTHIHOHN (popMyIIoit:
1 _h+k* 17
- 4 —
d? a’ c?
To ecth popma {200} kyOMUECKOW CHHIOHUM Pa30MBAacTCs Ha JIBE

(OpMBI TETPAaroHaNbHONM CUHTOHUM: {20@ =( 20() ( 02() , (EOO), (OEO) u

{003 = 00), (005). B orom cyuae diyq % d ooy -
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Host popmer {200} sin®,,, >sin®, ;, Te. kpucramiorpapuyec-
KHU€ IUIOCKOCTH, BXOZSIIIE B pACCMAaTPUBAEMYIO COBOKYIIHOCTD, JIAIOT HA
PEHTI€HOTpaMMe MAPTEHCUTA OZIHY JIMHHIO, CMEIIEHHYIO 110 OTHOIICHUIO
kmHn {200} Ha peHTreHorpaMMe 0 -’Keje3a B CTOPOHY OOJBIINX YIVIOB
0 ; 5T0 CMeIeHne TeM OOTIbIIE, YEM MEHBILE ¢ , T.€. YEM BBIIIE CONEPIKa-
HHE yIJIepoa B MapTeHCHUTE.

K npyroii coBokymHOCTH OTHOCsATCS IiockocTu (002) u (002) thop-
MBI {002}, 27151 KOTOPBIX BBITOIHSIOTCS YCIIOBHSL:

B—H iz B—H =i2§sm9 <sm9 (152)

Dnemp CL

T.€. KpucTajutorpadgpuieckre miIoCKOCTH 3TOH COBOKYITHOCTH JAfOT Ha PEH-
TreHOrpaMMe MapTeHCHUTA JIMHHUIO, CMEIIEHHYIO B CTOPOHY MEHBIINX yT-
JIOB @ 1O OTHOIIEHMIO K JiMHUK {200} Ha peHTreHOrpaMMe O -JKEIe3a; 1o
Mepe YBEINUSHUsI COACPKaHMS YIIIEPOAa B MAPTEHCUTE 9TO CMEILICHHE YBe-
JIMYUBACTCS.

Takum o6pazom, BMecTo onHOI mHuU {200} Ha peHTreHorpamMme
0 -XKeJe3a Ha peHTTeHorpaMMe MapTeHcHTa oOpasyercs xyomner (200, 020) —
(002). CooTHOIIICHNE HHTEHCUBHOCTEH JTMHUM, COCTABIISIOIIUX 3TOT J{y0-
JIET, paBHO OTHOLICHUIO MHOXHTEJIEH MOBTOPSIEMOCTH IIOCKOCTEH COOT-
BETCTBYIOLIMX COBOKYITHOCTEH, T.€. p(200,020)/p(002) =4/2 =2. Ana-
JIOTUIHBIM 00Pa30M MOKHO OOBSICHATB U IPYTHE PA3INIHsI PEHTT€HOTpaMM
MapTeHCHUTa U (f -)KeJie3a.

B my6nere (200, 020) — (002) 1 B npyrux mybiaeTax MapTCHCHUTHOM
(ha3wI pacCTOSTHIE MEKITY JIMHHISIMH, COCTABIISIONIMU TyOeT (MexKmyOneT-
HOE PacCTOSHKE O , ), BO3PACTAET IPU YBENIMYECHNUH NIeprona ¢, . Ha xon-
LIEHTPAIMOHHOMN 3aBMCUMOCTH MEXTyOIETHOrO paccTosHus O =~ Oasupy-
eTcsl paccMaTpUBaeMBbIii METOJI OTIpeieIeHHs yIiiepoaa B MapTeHcute. [Ipu
9TOM HanOoJiee MOAXOASAIINM I aHATIM3a SBISCTCS MAPTEHCUTHBIH J1y0-
net (211, 121) — (112), Tak KaK OH JISKUT Ha qU(PAKTOrpaMMax, TOIydeH-
HBIX TIPU UCTIOIB30BAaHUH PEHTICHOBCKHUX TPYOOK ¢ Fe-anTHKaromom, oy
JIOCTaTOYHO OOJBIIMMU YIJIaMK § ¥ Ha HETO HE HAKJIA/ILIBAIOTCS TU(paK-
[IMOHHBIE JINHAN OCTATOYHOTO ayCTEHHUTA, KOTOPBIA MOXET MPUCYTCTBO-
BaTh B CTPYKTYPE 3aKaJICHHBIX (0COOCHHO BRICOKOYTTICPOIHUCTHIX ) CTAJICH.

Ecmm maprencur conepxut menee 0,5 % yrieposa, Ha €70 peHTTeHO-
rpaMMe BMECTO JyOJIETOB U TPHUILIETOB MOTYyYaOTCsl OAMHOYHBIE Pa3MBbl-
TBIE JINHAM, BCIIEICTBHE YET0 PACCMOTPEHHBII METO] OTIpe/IeNICHHUS COIep-
YKaHWS yIIepoia B MApTEHCHUTE CTAHOBUTCS Hed(p(heKTHBHBIM.

[NpeBpartieHue aycTeHnTa B MAPTEHCUT MPHU 3aKajKe cTajield Ipouc-
xoauT Oe3 N3MEHEHHs XUMUYECKOT0 COCTaBa TBEPAOI0 PacTBopa. ITOT po-
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uecc He TpedyeTt aAndy3nOHHOTO NepepacipeAesiCHUs YIIIEpoia U COCTO-
UT B TIEPEXOJIC TPAHCIICHTPUPOBAHHON KYOMUYECKOUM PEIISTKH TBEPIOTO
pacTBopa B 00bEMHOIICHTPUPOBAHHYIO TETParoHaILHY 0. Benencrere 3toro
MapTEHCHUT B CTAJISIX MPEICTABIISAET COOOM MEPECHIICHHBINA TBEPABIA pa-
CTBOD yIJIepona B O -Xkene3e U 001agaeT 00beMHOIICHTPUPOBAHHOM TET-
paroHaJBHOM PEIIETKOMN, OJTM3KOH K pelieTke O -XKele3a.

CreneHb TETParoHalbHOCTH (c/ a), W TepHoIbl g W c, KpHC-
TAJUIMYECKON PEIIETKA MAPTEHCHATA ONIPEACIIAOTCS CONECPIKAHAEM B HEM
ymepozaa. KoHieHTpaloHHbIE 3aBUCUMOCTH ATUX BEJTUYMH SIBJISIOTCS
JTUHEHHBIMY, U 7151 YIIIEPOAMCTHIX CTaIeld MOTYT OBITh OTIMCAHBI yPaB-
HEHUSMU:

(¢/a), =1+,
c/w :aO +Gp 5 (153)
aM =a0 _Bp 5

I1e a, — NeproJ| KPUCTAIUINYICCKON PELICTKH O -)Kele3a, paBHblii 2,866
A; Y=0,046+0,001; o =0,116£0,002;3 =0,0013+0,0002; p — conep-
YKaHHWe yIiepona B MapTeHcHuTe, B Macc. %.

INockobKy KpHCTaTITIECKIE PEIeTKH MApTEHCUTa U (f -)kese3a (FIr
(heppuTa) HEONMHAKOBBI, PA3TNYAIOTCS PEHTTEHOTPaMMEI 3THX (a3 (puc.
47). Pacmieruienue HEKOTOPHIX JIMHAN HA PEHTTCHOT paMME MapTeHCHTA Ha
IyOJeTbl U TPUILIETHI OOYCIIOBICHO TETParoHaIbHOCTHIO €r0 KPUCTaILIU-
YECKOM PEeIIETKU, CMELICHHE JINHUM Ha PEHTTEHOrPaMMe MapTEHCUTa TI0
OTHOIICHHIO K COOTBETCTBYIOIIUM JIMHHUSM Ha PEHTTCHOTpaMME (| -XKelie-
3@ — OTIIMYMEM HEPHONOB PEINETKU ¢, U C, OT NEPHOJA PEIIETKH 4.
OTHOIIICHUSI TYHTEHCUBHOCTEH JIMHUI, COCTABIISIFOIIMX MAPTCHCUTHBIE JTy0-
JICTHI U TPUILIETHI, 32aBUCAT OT OTHOIICHHUSI MHOXHTEIICH MOBTOPSIEMOCTH
COOTBETCTBYIOININX KPUCTAILIOrPA()UUECKIX IITIOCKOCTEH.

N3 dpopmyner Byneda-bpsrros 2d,,, sin@=A cuexyer, 4To
sin®=A/2d,,, , T.e. Bce KpHCTaLIOrpahuueCKue MIOCKOCTH TOIUKPHC-
Tajuia, 00NIaaroIIME OHUM M TEM 7K€ MEKITIOCKOCTHBIM PAaCCTOSIHUEM d
JTAfOT MU paKIMOHHBIE MAKCUMYMBI TIOJT OJTHAM U TEM K€ YIIIOM @ K Tep-
BUYHOMY ITy4KY PEHTTEHOBCKHX JIydei, T.. OMHY JIMHHIO Ha PEHTTEHO-
rpamMe. [ToaTomMy B kpucTaiax KyOHM4ecKol CHHIOHUY, TSI KOTOPBIX

ALE A +k 0
072 Cho a2 ’

BCE IIOCKOCTH, BXOISAIIKE B JIFOOYIO IPOCTyI0 (hopMy (Hampmyep, 6 mioc-
xocreit popmsr {200 = 200 (020, (500), (020) u {00 = 005 ,]((1)02)), JAr0T
Ha PEHTTEHOTPaMMeE TOJTBKO OJTHY JINHHIO.
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a) no(z)  200(6)  21(24)  220(12) 310(2%

0 3016)

o 10007 200 117 21 022 220 103 310
@@ @ @ ©@E (6 @

Puc. 47. UItpux-auarpammsl (6e3 yKa3aHUsl HHTCHCUBHOCTEH) O -)kesie3a (a)
Y MapTEHCUTA 3aKaJEHHOI BHICOKOYINIEpOICTOM cTany (6) (yKa3aHbl HHAEKCHI
COOTBETCTBYIOLINX OTPAKAIOLINX IIOCKOCTEH, a B CKOOKAaX — MHOXKHUTEIH
HOBTOPSIEMOCTH 3THX IIOCKOCTEH)

Taxum 00pazom, [T onpeesieHns] KOHICHTPAIMH yIIeposia B Map-
TEHCHUTE YIIEPOAHBIX CTaleil HeOOXOAMMO MOMYUUTh AUPPAKTOrPAMMY C
MapTeHCHTOBBIM AyOnem {211}, {112} 1 onpenenuTb COOTBETCTBYIOIINE
MM MEKITIOCKOCTHBIE paccTosiHus. TeopeTnueckne 3Ha4eHHs 1715l MapTeH-
cuta d )y, ¥ d )y, PACCIUTHIBAKOTCA 11O ¢dopmyne (14)

<
|

=a,—-0,0015p>

a, +0,118p - (154)

o
1

CrnenmoBarenbHo, ypaBHeHHS (151) MTO3BOMSIOT YCTAaHOBUTH 3aBUCH-
MOCTb SKCIIEPHMEHTATIBHOTO MEXKIyOJIETHOrO MHTEPBaja OT KOHIICHTpPa-
WM YTIIepoJia.

Hapsimy ¢ MapTEeHCUTOM B CTPYKTYpE 3aKalICHHBIX CTalleii 0OBIYHO
COJICPXKHTCS] HEKOTOPOE KOJIMYECTBO HE IPEBPATHBIICTOCS (OCTAaTOYHOIO)
ayCTEHUTA — TEPMOJMHAMHYECKH YCTOWYUBOTO MPU BEICOKUX TEMITEPaTy-
pax TBEPIOro pacTBOpa YIIEpoaa B Y -iKele3e ¢ IPaHeLEHTPUPOBAHHOM
KyOuueckol peretkoil. Ecim st orpeieneHus KOHIIEHTPAuK yrieponia
JIOCTaTOYHO U3MEPHUTH MEYOIETHOE pacCTosTHUE (PUC. 48), TO JIst HAXOXK-
JICHUSI KOJTMIECTBA ayCTCHUTa TPeOyeTCsl aHAIM3UPOBaTh MHTEHCHBHOCTH
pedIieKcoB, TO €CTh IPUMEHSTh METO/IbI KOJIMYECTBEHHOTO (Pa30BOTO aHa-
nH3a.

B cTpykrype yrmepomucTsix cranei, coneprkamux oomnee 0,8 % yrie-
polia, ¥ B JIETUPOBAHHBIX KAPOHI000Pa3yIOIMMU IEMEHTAMH CTAJISX, CO-
neprkammmx 6omee 0,5 % yreposa, mocie 3aKajKe MOTYT ITPUCYTCTBOBATh
TaKKe YaCTUIIBI KapOuIoB. PeHTreHorpadrueckoe ornpeieneHue Koue-
CTBa OCTaTOYHOTO AyCTEHUTA 0a3UPyeTCsl HA IBYX JIOMYIICHUSX:

1) cTpyKTypa 3aKaJIeHHOMW CTallU MPEICTABISIET CO00I CMECh TONBKO
JIBYX (pa3 — MapTEHCHUTA U OCTATOYHOTO ayCTCHUTA;
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26
Puc. 48. K onpeneneHuro Mexay0IeTHOT0 pacCTOsIHUS MapTEHCUTHOTO
nybrnera o audpakrorpamme

2) MaccoBbIe K03(W(OUITUEHTHI OCTA0JICHUS MAapTCHCHUTA pi " OCTa-
TOYHOIO AyCTCHHUTA |1, OLMHAKOBBL.

[lepBoe mormyrieHue CIIPaBEIINBO IS CTaeH, comepKamumx He 00-
nee 1,0 % yriepona, HOCKONBKY B TAKHX CTAISIX COAEPKaHKE TPpeThel (Kap-
OupHOI) Qasel He mpeBbIIacT 5 %.

Bropoe nmomymieHue Taxke 000CHOBaHHOE, TIOCKOJIBKY IpeBparie-
HHE NIEPEOXIIKACHHOTO ayCTeHUTA B MAPTEHCHT SBIIsieTCs: 0e311pPy3HBIM.

ITycte X , — mMaccoBasi 101 OCTaTOYHOI'O ayCTEHHTA, TOTAA
(1- X ,) —maccoBas 0JIs1 MApTEHCHUTA.

WHTEHCMBHOCTD TM(PAKIMOHHBIX JIMHUA ayCTEHUTa [ , ¥ MapTeH-
cura [,

X
I,=K,— (155
M )
1-X
I, =K, —=2. (156
Park” )
OTtkyma
1
X, =—
4 L4 KaPulyy - (157)
KyPaly

Otnomienue K , /K,, MOXHO PacCUUTaTh, HAIIPUMEP I10 STANIOHAM,
a OTHOMIEHHUE P, /P, — 10 dopmye:

Py __a; (158)

2
Py 2ay.cy
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nojaras 4To 3aBUCHMOCTb IIEPHOJOB PEIIETKH MapTeHCUTa (a,, ,c,, ) U
OCTaTO4HOIO ayCTEHHUTA (@ , ) OT CONEPIKAHMS YIIIEPOJIA B CTAIIM ABJISETCS
TuHeHHON (pyHKIMEH comeprkanus yriepona u usmensercs ot 0,3579 mo
0,3612 uM mpm yBenmmueHHH KOHIeHTparmn yriaepoaa ot 0,7 mo 1,4 %.
Otnowenue /,, /1, onpenensercs skcnepuMeHTanbHo. ITpu Beibope ana-
TBAPYEMBIX JU(QPAKITOHHBIX JTMHIH HEOOXOIIMO, YTOOBI 3TH JIMHUH OBLTH
BO3MOYKHO 00JIee MHTEHCUBHBIMU M CBOOOZHBIMH OT HAIOXKEHUS Au(paK-
IIUOHHBIX JINHUI IPYTHX (a3.

Hawnbonee MHTEHCHBHOH Ha PEHTTEHOTPaMME ayCTEHHTA SIBIISICTCSI
munawus {111}, a Ha perTreHorpamme Maprencuta —auaus {110}, Ipu BbI-
COKOM COIEPKaHUH yIVIepoa B CTaIN U OOJIBIIOM KOJTMYECTBE OCTaTOYHO-
ro aycrenuta quHud {111} aycrenura u {110} mapTeHCHTa MOTYT OBITH
WCIIONIB30BaHbI AJIsI aHAIM3a. YMEHbIICHHE COAEPKAaHMS yIIIepoa B CTaIH
oOycnoBimBaeT cMenteHne Jimany {111} aycrenura B cropory miamu {110}
MapTEHCHTA U BCIIEICTBHE X HAJIOKEHHUS MOXKET CJIeNaTh HEBO3MOXKHON
OIIEHKY MHTETpaJIbHbIX MHTEHCUBHOCTEW KaX /101 U3 3TUX JIMHUM.

JTol Tapoit JIMHUM HENB3S MOIH30BAThCS M TOTA, KOTa B CTPYKTY-
pe cranu comepkutcs 6onee 5 % xapobumHoii Gasel — iementura. [Ipu ta-
KOM COZIEp’KaHHH IIEMEHTUTA Ha PEHTTeHOTPaMMe BBIABIISIOTCS €10 JH(-
PaKIMOHHBIE JIMHUH, IPUYEM YETHIPE U3 HHUX JIEKAT B O0JIACTH YIIIOB g,
cootBeTcTByrommx JuHusM {111}, u {110} . B aToM ciry4ae mis ananu3za
HMCIIOJIb3Y 0T HHTEHCHBHbIE IuHuK {200}  mmm {220}, u {211}, , cBoOOX-
HBIE OT HATOKCHUSL.

Bo3Hukaromue npy 3aKajke 3HaYUTEIbHBIC HCKaKEHUS KPUCTAILIN-
YECKOTO CTPOEHHS ayCTEeHHWTa M MapTEHCHUTA BBI3BIBAIOT Pa3MBITHE THU(-
PaKIMOHHBIX JIMHHUH, CHIJKEHHE MX HHTETPAIbHON HHTEHCHBHOCTH U TIO-
BBIIIICHUS YPOBHSA (POHA, UTO 3aTPyTHSET OMpe/esieHIe WHTEeTPaIbHbBIX
WHTEHCUBHOCTEN MM(PaKIMOHHBIX THHUH. OnpeneneHne KOHICHTPau
ayCTeHHUTa I1e7Ieco00pa3Ho MPOBOIUTEH Ha HETEKCTYPHPOBAHHBIX 00pa3iax.

16.3. Pentrenorpaduueckoe OnpeAeiceHue cocTaBa MPOIYyKTOB
Tpexda3HbIX PpeaKui

[pu n3y4yennn TBeprOQa3HBIX PEAKIMii BaXKHO 3HAHHE COCTaBa KOHEY-
HOTO npoxykra. J{ake B cirydae B3aMOIEIHCTBHS IByX BELIECTB 4 U B BO3-
MOYKHbI Pa3/IN4HbIE 3HAYEHUS /1 U 1 B CTEXHOMETPHUIECKOH hopmyne A4, B, .
Ecmu tBeprodasHble peakuyy He IPOXOAAT JI0 KOHIIA, TO JUIS OIpeeIeHus
m/n MOYKHO HCIIO/Ib30BaTh PEHITCHOAU(DPAKTOMETPUHECKUI METO/I.

[TpenBapHuTEIEHO COCTABIAIOTCS CMECH PA3IMYHOTO MOJISIPHOTO CO-

crapa. X oTHOIICHUS IMPUBCACHBI B MATPULIC [ P q:l :
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11 12 13 000
21 22 23 000
31 32 33 000
0 0O 0000

BeposiTHO, MOXKXHO OTpaHUIUTHCS MATPHUTICH 4-T0 paHTa, HO B CIyJae
HEOOXOIMMOCTH MOYKHO BHECTH B HEE HOBBIC WICHBI WM HE PacCMaTpH-
BaTh 3aBEIOMO Henpurofnabie. OANH U3 WICHOB 3TOH MaTPHUIIBI OTpe/es-
€T UCKOMBIC BeJIMIUHBI m W 71 .

[IponykTsl Tpexda3HbIX peaKIuii MOXKHO Ha3BaTh CliekaMu. Eciun
paHT MaTpUNOBI paBeH 4, TO HEOOXOMMMO COCTaBUTH 11 cMmeceit
(11=22,..,12=24,42 =21), 9yTo BMeCTE C OMMHHAANATHIO CIIEKaMHU
Y IBYMsI HCXOTHBIMH 00pa3aMu TpeOyeT CheMKH 24 peHTTCHOTPaMM.

CpaBHEHUE PEHTTEHOTI PAMM HCXOTHBIX BEIIECTB M CMECEH ITO3BOJISET
BBIJICTIUTH PeIeKchl uccienyeMbix (pa3. ComocTaisisi X ¢ pEHTTeHOTpaM-
MaMH CMECEH, MOYKHO OPEICITUTh PSHTTCHOMETPUYECKHIE XapaKTePUCTH-
KU TIPOJIyKTa TBEPAO(ha3HOM peaKIHu.

OTHOILIEHNE PACCENBAIOIIMX CIOCOOHOCTEH (a3 B IBOMHON cMecH
3aBUCHT OT p/q . /I OLEHKH paccerBarollel CloCOOHOCTH MOKHO HMC-
MOJIb30BaTh MHTEHCHBHOCTB OTAEIBHOTO pediiekca, CyMMy HHTEHCHBHOC-
Tl HECKOJIBKUX WM BCeX peIIeKCcOB HAa PEHTTEHOTpaMMe.

ITycTh CTEXMOMETPHYECKOE COOTHOILEHHE HCXOTHBIX IIPOIYKTOB 71/ 1
HE PABHO COOTHOIIEHMIO 3TUX (a3 B cMecu p/q % m/n . [locne nporeka-

HUSI PEAKIUH MOJSIPHOE OTHOLIEHHE UCXOAHBIX a3 A U B paBHO
p —m/q —n . OTHOLICHHE PACCEHBAIONIMX CIIOCOOHOCTEH (a3 B CIieKe He
Oy/IeT PaBHO 3TOM BEJIMYKMHE JUIs CMECH. PaBEHCTBO BBINOJHSETCS, €CIH
p/q=m/n um p—m/q—n=m/n.

Ecnu TBeprodasnas peakiys mpowwia 10 KOHI@A WK BOOOLIE HE UMe-
J1a MECTa, TO 9TO (PUKCUPYETCs peHTreHorpaduyecku. B ocTaibHbIX city-
YasX Ha PEHTTEHOrPaMMaXx HapsiTy ¢ peduieKcaMu MPOIYKTa PEAKIIUH [PH-

CYTCTBYIOT ped)IeKChl HCXOMHBIX KOMIIOHEHT: A , eciu p /q>m/n; B,
ecim p/q < m/n .

HccnenoBanust cocTaBa HEKOTOPBIX CKAHIMEBBIX COSIMHEHUI TTOKa-
3aJTl, 9TO JUIS OIIEHKW paccerBaroIiell crrocoOHOCTH (ha3bl HeoOXOMUMO
OIIPEIENISITH CYMMapHYFO MHTCHCUBHOCTD BCEX PEHTTEHOBCKUX peIeKcoB.
Hawubosnee ymoOHBIM SKCIIEPUMEHTATBHBIM METOZIOM SIBIISICTCS PEHTTCHO-
BCKast TU(PaKTOMETPHS.

155



16.4. PeatreanudpakToMeTpUIECKUH aHATN3 KPUCTAIUITMICCKUX
TEKCTYP

Ecmi B monmukpurcTammaeckoM 00pasiie Kakoe-To KprUcTauiorpadu-
YyecKoe HamlpaBJeHHe [uvw] UMeeT OMMHAKOBYIO OPHUEHTAIHIO BO BCEX 3ep-
HaX-KPHCTAJUTUTAX, TO TAKOHM 00pa3elr 00J1a1aeT TMHEHHON TeKCTypoit. Ecim
OIMHAKOBYIO OPHEHTAITHIO B PA3TNYHBIX 3epHAX ITONMMKPHCTAIIIA IMEIOT KPH-
cTajmiorpauIecKre IIOCKOCTH, TO TOBOPAT O TNIOCKOH TeKcType. TekcTypa
B METaJIaX BO3HUKAET NPH KaKMX-TNOO0 HATPaBJIEHHBIX BHEIITHUX BO3/CH-
CTBUSIX, HAIIPUMED, ITPU M3TOTOBJICHUU MPOBOJIOKK €€ MPOTSHKKON uepe3
(huhepbl, BO3HUKAET JIMHEHHAs! TEKCTypa, IPUYEM OCh TeKCTYPHI (HarpaB-
JieHre [1vw] TEeKCTypbl) COBIIAAAET C OChIO MPOBOJIOKH. [ [10CKHE TeKCTyphI
MOT'YT BO3HUKATh TP TPOKATKE, MPECCOBKE, BOJIOYCHUH U JPYTUX BUIAX
00pabotkn MetaiwioB. Pusznueckne (0COOCHHO MEXaHMYECKUE) CBOMCTBA
TEKCTYPUPOBAHHBIX METAJLUIOB MOTYT CYIIECTBEHHO OTJIMYAThCS OT aHAJIO-
TUYHBIX CBOMCTB HETEKCTYPUPOBAHHBIX MOJIMKPUCTAIIIOB. TeKCTypa OKa3bl-
BaeT OoJIbIIIee MM MEHBIIIEE BIMSHAE Ha aHU30TPOITHBIE MEXaHNYECKUE 1
(hM3MYeCKHe CBOHCTBA METAIIOB | CIDIABOB, TIPHYEM OCOOCHHO CHIIHHO OHA
BIIMSIET Ha YTIPYTHE, IIACTUYECKHE Y MAarHUTHBIE CBOWCTBA. DTH BIIMSHUS
MOTyT OBIT KaK TOJIE3HBIMH, TaK 1 BpenHbpIMU. Harprumep, 3a caet omperie-
JIEHHOM KpHUCTAINTOTpa(puaecKoi TEKCTYPhI MOKHO 3HAYUTENHHO YITyUIIIUTh
yrpyrue (WM MarHUTHBIC) XapaKTepucTUKU. HanpoTus, Hamume Kpucrai-
norpapuIeCcKoi TEKCTYyphl B MaTepHAIIaX, MPEAHA3HAYCHHBIX JUTS TITyOOKOM
IITAMITOBKH, TIPHBOJINT K MOSIBJICHHIO B M3EUSAX (PECTOHOB («YIIICi» ), BOJI-
HHUCTOCTH MIOBEPXHOCTH, Pa3phIBOB, T.€. TM0O K AOMOIHUTEILHOMN HOCTeLy-
FOIIICH TEXHOIOTMYECKOW OMepallvH U MOBBIICHHIO Kod((hHUImeHTa pacxonia
Marepraja ¥ SHEPIruH, JTN0O0 K HEYCTPAaHUMOMY OpaKy.

[loutn Bce MeTamTMUecKie MaTepraibl IOCIe 3HAYUTENTHHOM ITac-
THYIECKOU JiehopMaItii 00Ia1al0T TEKCTYPO, Ha3bIBAEMON B ATOM CITydac
TeKCTypoi neopmarmu. [ Ipn pekprcTamM3aioHHOM OT)KATE TAKUX Me-
TaJJIOB U CIDIABOB 3a9acCTyI0 00pa3yeTcs TeKCTypa PEeKpHCTAILIH3AIINM,
KOTOpasi MOKET KaK COBIAJIaTh C TEKCTypou Aedopmaryi, Tak U CyIe-
CTBEHHO OT HEE OTJINYATHC.

U3 cymiecTByIOMIX METOI0B UCCIEA0BAHMS KPHCTAIIIOTpaduueckoi
TEKCTYPhl MaTepualioB HanboJee MIUPOKOE PACIIPOCTPAHCHUE TTONYYIIT
peHTreHOrpadMIeCKHii METOA, TOCKOJIBKY OH MO3BOJISIET CTPOUTH MOJIIOC-
HbIE (PUTYPBI.

[NonrocHBIMU (pHUTypamMul TOTUKPUCTAILIA Ha3bIBAIOTCSI THOMOCTEPE-
orpadraeckre MPOeKINN ONPEAETeHHON KprUcTauorpaguIeckoi TIoc-
KOCTH (hkl) (B CIydae IIOCKOM TEKCTYPBI) BCEX KPHCTAIUIMIECKUX 3€PEH
3TOT0 MOJMKPUCTAILIA. J{J1s1 TIMHEHHON UM aKCUAITbHOM TEKCTYPBI CTPOSIT-
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csl crepeorpaaeckue NPOeKLY HAlPaBIIEHHs [uvw] BeexX 3epeH. B nanb-
HEWIIIeM B Ka9eCTBE MpuMepa OyIeM paccMaTpuBaTh IIOCKYIO TEKCTYPY.
Ecmm B Marepuase HeT kpucTauorpaduaeckoi TEKCTYPHI, T.€. KPUC-
TAJUTATH OPUEHTHPOBAHBI B IPOCTPAHCTBE XaOTUIECKH, TIOTFOCHAs (puTy-
pa {hk]} PaBHOMEPHO 3aIl0THEHa THOMOCTEepeor padh MueCKUMH IPOESKIIHS-
MU COOTBETCTBYIOITHX TUTOCKOCTEH (pHc. 49 a). I1pu Hammamnm B MaTepraie
TEKCTYPbI PACIONOKEHHUE IIIOCKOCTEH (/kl) B IPOCTPAHCTBE HE SBISETCS
Xa0THYECKHUM, BCJIE/ICTBUE YEro Ha MOIOCHON purype (hkl) uMeroTcs 00-
JIACTH CTYLIEHHUS U pa3pekeHus THoMOocTepeorpaduecKUX NPOSKLMH STHX
iockocteil (puc. 49 6, 6). Xapaxrep pacipeneseHus] TaKUX MPOEKIHH
3aBHCHUT OT BUJIa U CTETICHU COBEPILEHCTBA 00pa3oBaBLICHCs TEKCTYPhI U
OT TOT0, /U KaKuX IIocKocTel (hkl) mocTpoeHa nomocHas Gurypa.
Bce kpucramnorpadudeckie TeKCTypbl, 00pa30BaBILUEcs B MaTePH-
arnax, MOKHO Pa3JIeJITh HAa OTPaHUYEHHBIE U HEOIPAaHUYECHHBIE.
OrpaHUYeHHBIMH Ha3bIBAIOT TEKCTYPBI, IPH KOTOPHIX KPHUCTAJLIATHI
PAacIONOKEHBI TaK, YTO ONPEACIEHHbBIE KPUCTAINIOTpadUUecKre II0CKO-
CTH (hkl) mapaIenbHbl KakoH-T1M00 BHEIIHEH ITIOCKOCTH, @ OIPEEIICH-
HBIE KpHUCTaJUTOrpaduecKie HampaBleHns < yyw >, JISKaIIue B dTUX
TUTOCKOCTSIX, — KAKOMY-JTHOO BHEIITHEMY HAIpaBJIeHUIO B MaTepuaie. Ta-
KAMH BHEITHUMH TIOCKOCTSMU U HANPABICHUSIMH MOTYT ObITh, HAIIPH-
Mep, IIOCKOCTh U HaIlpaBieHue MpokaTku. [losTomMy paszHbie orpaHuydeH-
HBIE TEKCTYPBHI YACTO HA3bIBAIOT TEKCTYPAMU MPOKATKH.
HeorpanmueHHBIMEI CUUTAIOT TEKCTYPBI, IPU KOTOPBIX MapaIlIeIbHO
KaKkoMy-IH0O HalpaBJICHUIO B Marepualie PacloIOKEHBI ONpEICIICHHbIC
KpUCTaUIOrpadM4ecKue HapaBIeHHs [¢vw] KPUCTAIUINTOB. DTH HAIIPaB-
JIEHUA [uyw] Ha3bIBAIOT OCSMH HEOTPAHUYCHHOM TEKCTYPHI, 4 CaMy TaKylo
TEKCTYPY — OCEBOM, FITH aKCHATLHOW. AKCHATIBHBIC TEKCTYPHI 00pa3yroT-
Cs1, HAIpUMeEp, IIPU BOJIOYEHHUH ITPOBOJIOKH; IOATOMY UX Ha3bIBAIOT TAKXKE
TeKCTypamu BosiodeHus1. CXeMbl TIOTIOCHBIX (PUTyp OrpaHUYIEHHO U HEO-
TpaHMYEHHOHN TEKCTYp MPUBEICHBI Ha pucC. 49 0, 6.

Puc. 49. TlomocHble GUrypb MONTUKPUCTATIINYECKIX MaTEPHAIIOB: @) OECTEKCTYPHOTO; 6)
C OrpaHUYECHHON TEKCTYPOH; 6) C HEOTPaHHMYEHHON TEKCTYpOit
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J1715 MOCTpOEHHMS MOMIOCHBIX (PUTYp OOBIMHO KCIIONB3YETCSl METO PeH-
TreHOBCKOH au(pakToMeTpri. CHETYNK yCTaHABIMBACTCS B TIOJIOKEHHE,
(huKcupyroIee aHATM3NPYEMBII pedreKc, ITpr 3TOM OTpe/IeTIsieTCsl YITIOBOEe
TIOJIO’KEHHE 00pasiia OTHOCUTEILHO BRIOPAHHOTO (HAIPUMEp, BEPTHUKAIIH)
HAaIPaBJICHHS. DTO OMPEIeIsIeT OMHY TOUKY TOMOCHOH (hurypsl. s moct-
poeHust Becel omocHo! Gurypsl (Akl) mipu oMo andpakToMeTpa He-
00X0/TMMO TIOCIIeIOBATEFHBIMU TTOBOPOTaMH 00pasiia BOKPYT JABYX KaKHX-
700 ocell BBIBECTH IUIOCKOCTH (/kl) BCeX KPUCTAJUIUTOB HOIMKPHUCTAILIA
B OTpaKalolLiee MOJIOKEeHHE (T.e. TIOJI0KEHUE, IPH KOTOPOM TSl 3THX TLI0C-
KOCTeH BBITIONHACTCS ypaBHeHue Byinbda-bparros 2d,,, sin8,,, =nh).

OnHoif U3 oceli BpareHusI Bceraa sBisteTcst ock X (puc. 50), mep-
NCH/IMKYJSIPHAS TIOBEPXHOCTH 00pa3iia, Tak Kak TOBOPOT BOKPYT 3TOH OCH
HE MIPUBOJIUT K N3MEHEHHIO FeOMETPUYUECKHX YCIIOBHH CheMKH. B 3aBucu-
MOCTH OT BBIOOpa BTOPOI OCH ChEMKa OCYILECTBISIETCS JIMOO METOIOM

HakJIOHa (BpaleHne oOpasia BOKpYyT ocH Y ), MO0 METOAOM MOBOPOTa

(Bpamenne oOpasiia BOKpYT ocu Z ).

J1s nocTpoeHus oMOCHON GHUIyphl (hkl) METOIOM HAKJIOHA CYET-
4uK AUdpaKTOMeTpa yCcTaHaBIMBACTCS MO yIIIoM 260 ,,, 1 B TeYEHHE CheM-
KU OCTAeTCs HETTOJBIDKHBIM, TO €CTh (PUKCHPYIOTCA peiIeKChI OT IIOCKO-
crei {hkl} C OIVMHAKOBBIMU / n.

B HauaisHOM MONIOKEHUM XapaKTepHasi BHEIIHSISL TIOBEPXHOCTh 00-
pasua, HarpuMep — IIOCKOCTh MPOKATKH, MIPOXOIUT Yepe3 OCh TOHUOMET-
pa H COCTABISIET YIIIBI 6, C IEPBUYHBIM ITyYKOM PEHTTCHOBCKUX JIy4eH 1
¢ mudparupoBaHHLIMU PEHTICHOBCKHMU Jy4aMH, a XapaKTepPHOE BHEIII-
Hee HalpaBJIeHUe, HapUMep — HalpaBJICHUE MPOKATKH, COBIAIACT C OCHIO
roHuomMerpa. Ecinu npuHsTh, 4To TUIOCKOCTB IIPOEKLIKH [1apaJlielibHa BHELL-

Puc 50. Cxema cbeMKH Ha oTpaxkeHHe MeTo oM HakiioHa: O — obpaser; C — cueTdrnk;
0 i — YTOJI CKOIIBXKCHHUS OTPAXKAFOIIHX IIIOCKOCTeH {hkl} ; P —yron HakJI0Ha 00pasia;
[3 —yron nosopora 06pasia B cOGCTBEHHOMH MIOCKOCTH; N, —HOPMAJIb K OTPAKAIOMIUM
TIOCKOCTSIM {hk} npu P=0
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HEH MOBEPXHOCTU 00pasia, TO CUSTYMK PETUCTPUPYET WHTCHCUBHOCTD,
COOTBETCTBYIOIIYIO IICHTPATEHOM TOUKE TIOTFOCHON (PUTYPHI.

ITocne HakoOHa 0Opa3a Ha yron P B OTPAKAKOLIEE MOJIOKEHHE T10-
NafaroT IIOCKOCTU (hkl), COCTABIIAIOIIME YIol P C IOBEPXHOCTBIO 00-
pasma. [Ipu BpameHny HaKITIOHEHHOTO 00pa3iia B COOCTBEHHOM TIOCKOCTH
CYETUYHK JTU(PPAKTOMETPA PETHCTPUPYET HHTEHCHBHOCTH, COOTBETCTBYIO-
e TOYKaM IMTOTIOCHON (DUTYpPHI, YIaJICeHHBIM OT €€ BePTHKaJIbHOTO Jra-
METpa Ha YTkl 3 ¥ paCIIONOKEHHBIM Ha KOHIICHTPHYCCKOH OKPYKHOCTH,
OTCTOSIIEH OT IeHTpa IpoeKIwii Ha yroa P (puc. 51). [Ipu Haknone 00-
pasiia reOMETPUYECKHE YCIIOBUS CheMKU H3MEHSIOTCS, K HEOOXOIMO YUH-
TBIBaTh 3TO U3MEHEHHE ITyTEM COOTBETCTBYIOIIUX ITOMPABOK U3MEPIEMON
unTeHcusHocTU. Eciu 1™ u 1™ — COOTBETCTBEHHO UCTHHHAS U H3Me-
PCHHAsI MTHTEHCUBHOCTH JU(ParupOBaHHBIX JTy4eH P HAKJIOHE UCCIIETY-
eMoro o0pasiua Ha yroi p, To

ucm — I 0 UM — usm 159
Ip _I_Dp _Kam(p)ljp ? ( )

tne Lou I, — WHTEHCHBHOCTH JTparupoBaHHBIX PEHTTEHOBCKUX JTy4ei
ATAJIOHHOTO OECTEKCTYPHOTO 00pa3ia B Ha9aIbHOM ITOJIOKEHUHN U TIOCTIC
HAKJIOHA Ha YTOJI P COOTBETCTBCHHO.

MaccuBHbIH OECTEKCTYPHBIN 00pa3el] HCCIeyeMOro MaTepraia, Kak
MPaBUIIO, U3TOTOBUTH OYEHB TPYAHO. [103TOMY OOBIYHO TaIOHHBII 00pa-
3€1[ TOTOBST JIMOO ITyTeM HAHECCHUS TIOPOIIIKA UCCIISyEMOro MaTepuara,
CMEIIaHHOTO CO CBSI3YOIIMM BEIIIECTBOM, HA KAKYFO-JIH0O IPO3PAYHYHO JUIs
PEHTTEHOBCKUX JIY4YeH IUIOCKYIO MOIIOKKY, JIHOO MyTeM IPECCOBAHUS H
MOCIIEYIOIIETO CIICKAHHS «TabJIETOK» U3 MOPOIIKA UCCIIETyEeMOro Mate-
puana.
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Puc. 51. Cxema 3amonHeHus OOCHO (GUrypbl THOMOCTepeor pa MueCKUMHE ITPOSKIIHAMU
nockocTell (Akl) mpu cheMKe Ha OTpaXkKeHHE METOIOM HaKJIOHA
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W3MepuB MHTEHCUBHOCTU AU(DPAKIIMOHHON JIMHUHM ¥ (hPOHA ITaJIOH-
HOTO 00pa3ia MpH CheMKe B aHAJIOTHYHBIX YCIIOBUSIX, MOYKHO TIOCTPOHUTH

KOPPEKTUPOBOYHYIO KPHBYIO:

a_ g
K(p)=§|ji—j(;,,% (160)
p 1p

e (I 0’) u (I p“) — 3apPErUCTPUPOBAHHBIC UHTCHCUBHOCTU JTU(PPAKIIHOH-

HOH JINHUY B HAYAJILHOM TIOJIOKEHUN 1 IIPH HAKJIOHC Ha YTOJlI P COOTBCT-
CTBCHHO, (137 ) u ([(/)) 3apCTUCTPUPOBAHHBIC MHTCHCUBHOCTH (1)0Ha B UC-
p

XOJIHOM Y HAaKJIOHHOM Ha yToJl P HOJOXKEHHAX MCCIETyeMOro 0ObeKTa 1
JTaJoHA.
Tora UCTUHHYIO MHTEHCHBHOCTH B JIFO0OO0M TOYKE TIONOCHOM (ury-
PBI IIPU HAKJIOHE 00paslia Ha YTol P MOYKHO OIPEJENIUTH 10 (hopMyIie
uem 1 _ 7 161
Iy =K, = 11) (161)

o6p ’

e (] ) )06 " (1 g’ )06p — U3MEPEHHBIC NHTEHCUBHOCTH AU(PPAKIIMOHHON
JMHUA ¥ (DOHA HCCIICIYeMOro 00pasiia, COOTBETCTBYIOIINE STOMY YIIY
HAKJIOHA.

YT0oOBI MOCTPOUTH MOTFOCHYO (PUTYPY, HEOOXOAUMO HOPMUPOBAHHBIC
3HAYCHHS] MHTCHCUBHOCTEH, COOTBETCTBYIONIMX HCCICOBAHHBIM TOUKAM
MOJTFOCHOU (DUTYPBI, BBIPA3UTh B KAKUX-TTMOO YCIOBHBIX ¢IUHHUIIAX. 3a Ta-
KYIO IUHHUITY OOBIYHO MPHHUMAIOT HHTCHCUBHOCTD IIEHTPATLHOM TOUKH
MOJTFOCHO# (huryphl OecTekcTypHOro 0opasia. [loctpoenue nomocHo hu-
T'YpbI COCTOUT TOTJIA B TIEPEHECCHUH BCEX JIAHHBIX H3MEPEHHH NHTECHCHB-
HOCTHU Ha THOMOCTEPEOrpaduecKyI0 MPOCKIIUIO U ITPOBEICHUN YPOBHEH
PaBHOW MHTEHCUBHOCTH.

INocTpoeHHbIE OIMTUCAHHBIM BBIIIE CIOCOOOM TOIFOCHBIE (PUTYPHI Ha-
3BIBAIOT MPSMBIMH ITOJTIOCHBIMU Qurypamu. Kpucrainorpaduyeckuii aHa-
JIU3 TAKUX MTOTFOCHBIX (PUTYP MO3BOJISET ONHCATH KPHCTALTOTPahUUECKYIO
TEKCTYPY «HMICaNTbHBIMUA OPHEHTAIUSIMIY KOMIIOHEHTOB TEKCTYpPBI.

HopmaisiM 1 kprcTamorpaprdecKuM mI0CKOCTIM MOYKHO MPUIATh
HEKUi «BEC, ONPEICIISIONINI OTHOCUTEbHYIO KOHIICHTPAITHIO STHX HOP-
MaJsieil B OITpe/Ie/ICHHOM TeJIeCHOM yriie. B aToM cityyae AnpakiinoHHyO
KapTUHY CO3/IAF0T TOJBKO T€ KPUCTAILTUTHI, Y KOTOPBIX OTPAyKAFOIIIAs II0C-
KOCTh MapaJuIe/ibHa HCCISYeMOM MOBEPXHOCTH 00pasia Wi OTKIIOHEHA
OT Hee Ha HeOOJTBIINE YITIBI B MPEJIeNiax TeJIecHOro yra dQ , onpenernsie-
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MOT'0 BEPTUKAILHON ¥ TOPU30HTAIEHON PaCXOIUMOCTBIO IIEPBUYHOTO ITyYKa
PEeHTTeHOBCKHX JTy4eid. Torma gacTs o0bemMa 00pasia, KOTOPYIO 3aHAMAIOT
KPHCTAJUTATHI, IMEFOIIFIe HOPMAITh K OTPAXKAIOIINM IIOCKOCTSIM, 3aKJIIFO-

YEeHHYIO B Ipenieniax ymia ¢Q BOMW3M HOpMalH K UCCIIeyeMOM MOBEpX-

dQ .
HOCTH 06pa3ua, 6y):[eT paBHa P 4— , TIE « P» — BEC, KOTOPBIM CIICAYCT
Tt

MIPUIFCATh HOPMAJIH K OTPaXKAIOIIAM IUTOCKOCTSM Ha THOMOCTepeorpadu-
gyeckoi mpoekiwy. [loaToMy BenmmuuHa P IOMDKHA YAOBIETBOPSITH YCIIO-

1 N
BUIO: — I PdQ =1, rne uHTErpupOBaHKE MPOBOAUTCS IO BCEU ITOJIIOC-
4m

HoH ¢urype. Tak kak mi1 6ecTekcTypHOro odpastia P = const , TO

41
J’PdQ—ij’dQ—l P=1. (162)

B TCKCTypOBaHHOM 06pa3ue HOpMaJid K IJIOCKOCTAM, UMCHOIIUC

P >>1, npenMytiecTBEHHO OpPUEHTHPOBAHBI IEPICHANKYIIIPHO FICCITe-
JTyeMOM ITOBEPXHOCTH 00pasIia.

Ecnu peructpupyercs 70CTaTOUHO OOJIBIIOE YHCIIO JTHMHUM HA TUQ-
PaKkTOrpamme, BEM4UHY P, , JUIs HOpMAJIEH K KAKMM-JTM00 OTPayKArOIIM
iockocTsiM (hkl) paccuuThIBAIOT O OpMYIIE:

06, om
]hkf Ih‘k‘l, (163
hkl ™ " om p )
1°%7
hikl z hik;1;

B KOTOpOH [ ;i"l — HHTETrpaibHbIe MHTEHCUBHOCTH OTPaKEHUH OT pa3HbIX

IUIOCKOCTEH (f;k,];) MCCICLYeMOro obpasia; 1, k4, — AHTCTPAIIbHBIC HH-
TEHCUBHOCTH OTPaXKEHHH OT oOnacTe (h,k;1,) STAIOHHOTO OecTekcTyp-

HOTO 00pa3ia.
Takum o0Opaszom, [isl ONpesesieHUs BEMYMHbl P, CIIEIyeT u3Me-
PHTh HHTETPAIbHbIC MHTCHCHBHOCTH OTP&KCHHU 1 [ iy, W BBIMHCIHTD
CYMMAapHYIO HHTCHCHBHOCTb BCEX OTPAKCHHUIA zmq)paKTorpaMM MOJTyYCH-
HBIX JJIsl HCCIIEAYEMOT0 U 3TAIOHHOTO 00Pa3IoB.
Paccunrannblie 3Ha4eHus P,,, IPOCTABJIAIOT OKOJIO MPOEKIHHI COOT-
BETCTBYIOIIMX IUIOCKOCTEH Ha CTaHIAPTHOW THOMOCTEPEOrpaduIecKoi

mpoekitii. O6IacTH, OTBEYAIOITIE ONPENSIICHHBIM HHTEPBAJIaM 3HAUCHHIA
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P, » OOBOIAT JIMHUAMH WJIM OTMEYArOT OJMHAKOBOM INTPUXOBKOH. Mak-
CHUMAJIbHOE 3HAYE€HUE P, YKa3bIBACT HA MPEANOYTUTEILHYIO OPHEHTA-
W0 HOPMAJIH K JJAHHOW TUIOCKOCTH TApaJUIEIIbHO HOPMAITH K HCCIeaye-
MOM ITOBEPXHOCTH 00pa3Ia.

Ipu uccnenoBaHUK OrpaHUYEHHBIX TEKCTYP (HAIPUMED, TEKCTYP MPO-
KaTK¥) HEOOXOIUMO U3yUUTh paclpeneieHue THOMOCTEPEOTrpapIecKix
MPOEKITMI KaKUX-THO0 KpUCTAILTOrpaduuecKruX TIIOCKOCTE! 110 OTHOIIIe-
HUIO K JIBYM XapaKTEPHBIM HAIIPaBJICHUSM — HAMPABICHUIO HOpPMAI K
TUTOCKOCTH TPOKATKU M HAIPABJICHUIO POKATKU. J{JIs 3TOT0 CTOUT MOCT-
POUTH JIBE TIOJIFOCHBIC (PUTYPBI: OIHY — KOTJIa UCCIIEAyeMas IIOBEPXHOCTh
o0pasia napajuienbHa MI0CKOCTY MPOKATKH, U JPYTYIO — KOT/Ia OHA Iiep-
TICH/IVKYJISIPHA HAIPaBJICHUIO poKarky. [Ipu nccnenoBaHuy TEKCTYp BO-
JIOYESHUSI JOCTATOYHO NMOCTPOSHUS OJTHOM MOITFOCHOM (PUTYPhI TOCPEICTBOM
MOJTyYeHHs] PEHTIeHOTpaMM 00pas3iia, hccienyeMas TOBEpXHOCTh KOTOPO-
TO MEPIICHUKYIISIPHA HAIIPABICHUIO BOJIOUCHHSI.

Ha penrtrenoBckux audpakxromerpax obmiero HazHaderus (JIPOH)
JUTSL CheMKH TEKCTYPJHArpaMM METOJIOM HAaKJIOHA UCTIONB3YETCSl TEKCTYP-
Hast ipuctaBka [ TI-2. Dta nprcraBka ycTaHaBIMBASTCS HA TOHUOMETD TaK,
YTO ee BEpTUKAIIbHAS OCh COBIIAJIAET C OChIO TOHHOMETpa. BricoTa 00yua-
€MOI TIOBEPXHOCTH HCCIIEyeMOro 00pasiia OrpaHUuMBACTCSI CMEHHBIMU
TOPU30OHTAIBHBIMY IIENSIMH, YCTAHABIUBAEMBIMY HEIOCPEICTBEHHO Iie-
pen o6pasioM. YIiibl HaKJIOHA 00pa3iia H3MEHSIFOTCS TUCKPETHO (OOBIYHO
4epes 5°) BpallleHueM YePBSIYHOM MepeIadr ITPY IOMOIIIY TOPIIEBOTO KITFO-
4a, YIIbl HAKJIOHA P YCTaHABIMBAKOTCS 110 IIKAJIEe CEKTOPHOIO JInMOa 1
MOTYT m3MeHsThCs oT 0 710 70°. I3MeHeHre a3uMyTaIbHOTO YIJIa T0OBOPOTa

OCYIIECTBIISICTCS] HEMPEPHIBHBIM BpalllcHHeM 00pa3lia B COOCTBEHHOMN
IUTOCKOCTH; OTCYET yIIIOB [3 MPOM3BOAUTCS 1O Kpyropomy JumOy. dud-
PAKIOHHBIE KPUBBIE, TOTyYaeMble ITPH JIBHKYIICHCS TUarpaMMHOM JIeH-
Te JUIS KaXKJIOT0 yIIa HAKJIOHA O MPH M3MEHEHHH yIvia mosopora 3 ot 0
110 360° (puc. 52), Ha3pIBAIOT TEKCTYPIUArpaMMaMI.

0 90 w2 360 p
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Puc. 52. Cxema TeKCTypauarpaMmel, OITyYEHHOH IIPU CheMKe
Ha OTpa)KEHHE METOJIOM HaKJIOHA

162



B kayectBe mpuMepa pacCMOTPUM ONpeeTeHHe TEKCTYPhI U MO~
mukpuctainia ¢ 'K saefikoit. Kak 00bdHO, TpH peHTTEHIU(PPAKTOMET-
PHYECKUX UCCIIEIOBAHMX, HEOOXOMIMO OYHCTUTh AaHATU3UPYEMYIO TIOBEP-
XHOCTH OT OKHICHOM TICHKY M IPYTHX 3arpsi3HEHHH. 3aTeM Ha IOBEPXHOCTh
HAHOCHTCS KapaH/IAIIoM JIMHHS TPe/IioiaraeMoi ocu TeKcTypsl. Hampu-
Mep, €CIH aHATN3NPYETCS MeTaJUTIYecKas JISHTA, TOTyJIeHHAs IPOKATKOM,
TO JIMHUS COBIIAJIAET C OCBIO JIeHTH. O0pasel ycTaHaBIMBAETCA B TIPH-
CTaBKY K TOHHOMETPY JudpakroMeTpa i uccieoBanus tekcryp. [Ipu
ATOM KapaHAaIlIHas JIUHUS JOJDKHA COBIA/IATh C HYJICBBIM JICIICHHEM JIep-
JKatessi o0paslia B TEKCTyp-TIPHCTaBKe. 3aTeM omnpesessieTcss yroi audg-
pakiun ¢ =29, ) locre 5Toro u3MepsroTCst HHTCHCHBHOCTH pediekca
111 npu yriax nopopora o6pasua ¢ uareppaiom A =10°. Pentrenorpam-
Ma CHUMaeTcst B oonactu yrioB ¢ + 9, rie d = 5°. Bee mudpakrorpammbl
JIOJDKHBI OBITH TIOJTYYEHBI TIPY OJJTHAKOBEIX PEXKUMaxX paboThl mudpakTo-
MeTpa.

JL1s IocTpOoeH S TIOMOCHOH (PUTYPHI TI0 TTOITYICHHBIM PEHTT €HOBCKIM
nudpakTorpaMmMaM HeOOXOIMMO Ha OKPYKHOCTH mraMeTpoM 20 cM (Takoe
1oJ1e OOBIYHO OEPYT IS TIOCTPOCHUS TEKCTYpARAr pPaMMBI ), BEIYEPUCHHOM
Ha KaJIbKe, TIPOBOJIAT JIBa B3aMMHO INEPIEHANKYIISIPHBIX Auamerpa. [1pu-
HSIB, YTO BEPTUKAIBHBIN JHaMETp MapajUIelieH HANPABICHUIO TPOKATKH,
TOPU30HTAJIBHBIN JIMAMETP — TONICPEYHOMY HAIPABJICHUIO, a IUIOCKOCTh
yeprexka (MIOCKOCTh MPOSKIINiA) — IUTIOCKOCTH IMPOKATKH, HAJI0 HAHECTH Ha
THOMOCTepeorpa(uuecKyo MPOEeKLHUIO 3HaUYeHHUsI IPOHOPMUPOBAHHBIX WH-
TEHCUBHOCTEH TIPU COOTBETCTBYIOIIUX YIIOBBIX KOOpAMHATax p u [3.
[locne coenuHEHMs TUIABHBIMA JIMHUSMH TOUYEK, OTBEYAOIIHX OMHAKO-
BBIM YPOBHSIM HHTEHCHBHOCTH, Ha KAJIbKE MOTYJaeTCs psMast TIOJTFOCHAs
(dbuTypa I COOTBETCTBYIOIICH KpHUCTAILIOTpauIecKoit TIoCKoCTH (Ha-
pumep, (111)) nmm Harpapienns (Hampumep [111]).

[Ipu kpucTamuorpadguaeckoM aHAIN3E TOTYICHHON TTOIOCHOHN (H-
T'YpbI HEOOXOIMMO, TIOCIIEIOBATEIFHO HAKIIA/IBIBAS €€ Ha pa3HbIe CTaHIap-
THBIE THOMOCTEpeOorpadueCcKre MPOSKIIUK 1 Bpalliasi BOKPYT LIEHTPA, J10-
OUThCS COBMAJICHUS TEKCTYPHBIX MaKCUMyMOB Ha TIOJIOCHOH (Urype
THOMOCTEpeorpadpyeCKUMH MPOEKLIUSIMH ILTOCKOCTEH (hOpPMBI (hkl) >
KOTOPBIX TIOCTpOeHa momocHas gurypa. Eciu takoe coBnaaeHue Haiine-
HO, TO WHJICKCHI IIEHTPAJIBHOW TOYKU CTAaHIAPTHOW THOMOCTepeorpadu-
YECKOM MPOEKIMH YKa3bIBAIOT, KAKHE KPUCTAILIOrpapUIEeCKHE IUIOCKOCTH
WM HalPaBJIEHHS B UCCIIEAYEMOM 00pasIie MapauIeNbHbI INTOCKOCTH ITPO-
KaTKH.

Jist onpeienieHust CTETIeHH TEKCTYPHPOBAHHOCTH MaTEPHAIIOB B BUIIE
MIPOBOJIOKH AramMeTpoM He bosee 0,5-0,6 MM HEOOXOIMMO BBITTOJTHHUTE ClIe-
IIYFOIIIME OTepaltin: Hape3aTs npumepHo 100 mpoBosodeKk JTHHOIO 7-8

163



MM; BMOHTUPOBATh IUIOTHBIM ITY4OK M3 3THX MPOBOJIOYEK B IIACTMACCO-
BYIO OTIPABKY B BHJIE IIaHOBI BHICOTON 6 MM 1 3a(MKCHPOBATh IPOBOJIOY-
KH TIOCPENICTBOM HAHECEHUs Ha OJJHY W3 IOBEPXHOCTEH OIpPaBKH Karld
SMOKCHUAHOTO KJiies (puc.53).

B = Inan cudusnt

Kxneu

-X— Onpadua

~ flpoBornuxi

Puc. 53. Cxema cocTaBHOTO 06pa311a JUIL UCCIIE0BAaHUS TEKCTYPBI IPOBOJIOKHU

BricTynaromue Haj MPOTHBOIIOJIOKHON MTOBEPXHOCTHIO ONPABKU
KOHIIBI TPOBOJIOYEK YAAJSIFOTCS HKJAYHOW OyMarol, dyepesysl MeXaHu-
9eCcKyi0 00paboTKy ¢ XMMHUYECKHM TpaBJICHHEM B cMecH 2:1 COJITHOM
KHCJIOTHI ¢ TIEPEKUCHIO Bojopoaa. OmpaBka ¢ 00padoTaHHEIM 00pa3IioM
YCTaHABJIMBACTCS B JICPIKaTENb IPUCTABKYA K TOHUOMETPY TaK, 4TO 00pa-
0oTaHHas TOBEPXHOCTDH COBIAIAET C OTPaXKAaIOIIEH MI0CKOCThIO. Hapsmy
¢ AU paKkTOrpaMMoi TEKCTypHPOBaHHBIX 00Pa3L0B HEOOXOIUMO IOy~
YUTh PEHTIEHOIPaMMY OT HETEKCTYpHPOBAHHOTO 00pa3la M3 TOTO JKe
Marepuana. Pe3ynbrarel pacyeToB 3aHOCATCS B TAOIUILY, (hopMa KOTOPOr
umeer BUJ (Tabmuna 22).

HHTeHcBHOCTL pedieKcoB ompeiensieTcs MO0 BHICOTOM TMHKa Ha
muppaxrorpamme /,, (MakCUMallbHas HHTEHCHBHOCTB), JIMOO IPOU3BEIE-
HUEM [,, Ha MONYLIIMPHUHY JIMHUM (MHTETPalbHas HHTCHCUBHOCTB). MH-
TEHCHBHOCTH Pe(IIEKCOB HUCCIIETyeMOro o0pasiia i HETEKCTyPHPOBAHHO-
0 ATAJIOHA JIOJDKHBI OBITh MOTYYEHBI H I3MEPEHBI B OJIMHAKOBBIX YCIIOBHSIX
(WUTH IIPOHOPMEIPOBAHEI).

OrmpenienieHre CTENEHH TEKCTYPUPOBAHHOCTH HUCCIIEyeMOro odpasia
ONPEJIENAETCS IyTEM pacyeTa Beca P,,, BCEX ILIOCKOCTEH, IaBLIMX JIMHUM
Ha ugpakrorpamme. Pesynerarsl 3aHOCATCSA B cronoen § Tabmune 22.

Kpucramnorpapuueckue mockoctu (hkl) , 1l KOTOPbIX P Hanbomb-
1Iee, MPEUMYIIIECTBEHHO apaJlICIbHEI HCCIIEAYEMON ITOBEPXHOCTH; CIIE-
JIOBATENIBHO, HOPMAJIA K 3THM ILIOCKOCTSIM PACIIONIararoTCs IpEenMyIIe-
CTBEHHO I1apauIeJIbHO OCH IIPOBOJIOKH. B kpucrammax ¢ KyOH4ecKMMHU
pelIeTKaMy KpucTajuiorpapuieckue MHAEKCH INIOCKOCTH M HOpMald K
HEW COBIAJIAIOT.

Ha mudpaxrorpammax MaTepuaioB ¢ HEKYOHMUSCKUME KPUCTAIITH-
YECKUMU PELLIETKAMU IIPU UCIIOJIB30BAHUU KOPOTKOBOJIHOBOIO PEHITEHO-
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Ta6mmma 22
Pacuer audpakTorpaMm u onpeesieHHe CTENeHH TEKCTYPHPOBAHHOCTH

Homepa DranoHHbIN 00pazer] HUccnenyemslii o6pasern
JIMHUH . k.1 om om 06, 06, P
191 hlklll ]hikili Ihikilt ]h kpl z Ih kpl-
LAt ad g ae)
/n
1
2
3

BCKOT'0 M3JTy4EHHsl MOYKHO HOJTy4HTh OOJIBIIOE YNCIIO TMHUA. B Takux ciy-
4asx 110 JaHHBIM TaOJIHIIbI CIIETYET CTPOUTH Ha KAJIbKE C IIOMOLIBIO CTaH-
JIapTHBIX cTepeorpadMuecKuX NPOEKIMi MOMOCHbIE (Uryphl, IpHaBas
HOPMAJIAM K IUIOCKOCTAM (hkl) MX BEC P,,, M yCJIOBHO 0003Ha4as oOmac-
TH OIIPEJICJIEHHOTO BECa.

16.5. PeHTreHoBCKuUE UCCIEA0BaHUS TOHKOH CTPYKTYpPBI

Ha ¢u3uko-xuMHu4ecKre CBOWCTBA BEUICCTB OKA3bIBAIOT BIIUSHHC
OYECHb MHOTHE (DAKTOPBI, TAPAMETPBI KOTOPBIX MOXKHO PACIIPEACIUTh IO
TpEM IpyIIam.

1. ITapameTpsl cTpyKTypbl. IMeeTCs B BULy UjiealibHask CTPYKTypHas
MOJIENb, €€ TIPOCTPAHCTBEHHAS M TOUEYHAs TPYIIITHL, CHHTOHUS, TTapaMeT-
PHI TYEHKH, KOOPAMHATHI aTOMOB, KPUCTAIDIOXUMHUYECKasi (hopMya.

2. JledhekTsI, KOTOPBIE pacCMaTPUBAIOTCS KaK JTFOOBIC OTKIIOHEHHS OT
WJIeaIbHOM CTPYKTYPHOM MOJIENH, KaK B pa3Mepax siUeKu, Tak U B KOOp-
JIMHATAX aTOMa ¥ B BapHANUIX KPUCTAJUIOXUMHYECKON (DOPMYJTBI H B Tie-
JIOM TI0 KPUCTAJLTY, ¥ B €70 OTAEIBHBIX YIaCTKaX.

3. BHemrHue Bo3AeHCTBUS, 00YCIOBICHHBIC MEXaHMIECKUMU JIehop-
MalUsMU, BO3AEUCTBUSMU Pa3IMYHBIX MTOJIEN U U3JTyYE€HUH, CPEJOU U T. II.

Bosbiioe BiMsiHYE Ha CBOMCTBA KPUCTAILIOB OKA3bIBACT UX OJIOYHOCTH,
KOIJIa B KPHCTAILIE BO3HUKACT CBOC00pa3Hasi 3epHUCTOCTh. Kaxkoe 3epHo co-
OTBETCTBYET CTPYKTYpE KPUCTAJIIA, HO CAMU OHU UMEIOT HEKOTOPYIO Pa3opu-
SHTAITHIO (OKOJIO HECKOITHPKIX YITIOBBIX MUHYT) OTHOCHUTEIIHHO IPYT APYyTa. DTH
OJIOKHM MO3aMKH HA3bIBAIOTCS OOJIACTSIMU KOTepEHTHOro paccesHus. Ha pas-
Mep ¥ OPUCHTAITHIO DTHX 00JIacTel BIMSTIOT AehopMaIliH KaK yIIPyTHe, TaK |
rtactudeckue. 1o o0nmacTsiMi KOTEpEeHTHOTO PacCcesHUsI 9acTo TIOHUMAFOT
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YUYaCTKH BEILIECTBA C PELLIETOUHBIM PacOIOKEHHEM aTOMOB, & CAMHU 3TH yda-
CTKW MOTYT HaXOAWUTHCSI B aMOP(HOI MaTpHIIE TOTO JKe CocTara. Takue CTpyK-
TYpPBI MOTYT HAOITIOMATHCSI B TIOJIMMEPHBIX BEIIECTBAX M CTeKIaX. CTPyKTYphI
€O CJ1a00 Pa3OpHEHTUPOBAHHBIMY OJIOKAMH JISKAT B MHTEPBAJIC MEYKTy MOHO-
KPUCTAIIIAMH ¥ TTOJIMKPHACTAIITMIECKAMH TEKCTYPaMH.

HesznaunTenpHbIE OTINYNS CTPYKTYPBI KOHKPETHOTO KPUCTAJUTHYEC-
KOTO 00pasia («KpUCTAIUTMIECKOTO MHANBHAa», o H.B.bemosy) ot ero
UZEAIBHON CTPYKTYPHOM MOZEIM 4YacTO HAa3bIBAIOT TOHKOM CTPYKTYypOU
KpHCTaJUIa, K KOTOPOH, Haps Ty C MO3aU4HOCTBIO, OTHOCAT U IPYTHE CBOM-
CTBa BEILIECTBA, HAIIPUMEP, OCTATOUYHBIE MEXaHUYECKHE HANPSHKEHUS, KO-
TOpBIE MIPEICTABISIIOT COOOH YIPYTHe OCTaTOYHbIE HAMIPSLKEHUS, YPABHO-
BELIMBAIOLINECS B 00bEMAX OTAETBHBIX KPUCTAIITUTOB UITH OJIOKOB MO3AHKH.
OTH HEOXHOPOIHBIE HAMPSLKEHHUS 00YCIIOBIMBAIOT HEOAHOPOAHYIO YIIPY-
Tyio nedopMariiio KpUCTauTHUeCKO PEIIeTKH, U X HAarOOJbIIIast BETH-
YIHA MOKET OBITH OIIEHEHA IO BEJIMYHHE OTHOCHTENFHON MHKpoaedop-
MaIIrH.

Ecmm 0603HaunTh 4 paboty aedopmamyu, ) — TEIUIOTY, BBLICTIAIO-
1Iyrocs Py AeopMaliy Tela, TO Ul IacTHIeckoi nedopmanun 4 > Q.
Taxkum 06pa3oM, 4acTh 3aTpadrBacMOil SJHEPTHH, 00YCIIOBIUBAIOIICH JTe-
(hopmarmio, octaeTcs B Telle M 3aTPAadMBAETCs Ha TIOBBIIICHHE €r0 BHYT-
peHHeili sHepruu. M30BITOK 3HEprUU Ae(hOpMUPOBAHHOTO TeJa MO OTHO-
IIEHUIO K UCXOJHOMY COCTOsSHMIO U = 4—() OKa3bIBAaeTCs YHEpruei
OCTaTOYHBIX HANPsDKeHNH. OCTaTOUHbIE HANPSHKEHHS PA3IMYaroTCs 10 00be-
My, B KOTOPOM OHH YPaBHOBEIIIUBAIOTCS, U TPOSBIISIOT ce0sl B PEHTTEHO-
BCKOW MHTepdepeHInoHHoN KapTuHe. Hampsokenus [ poxa (Makpoucka-
JKCHUS1) YPABHOBEIIIUBAIOTCS B 00BEME BCET0 00pasiia v BHI3BIBAIOT CIIBUT
T pakInoHHEIX TUHIHA. Hanpspxerwns 11 pomga (MUKporCKaKeHHs) ypaB-
HOBEIINBAIOTCS B 00bEME OTIEIBHBIX KPUCTAJUTUTOB FITH OJOKOB M BBI3BI-
BaIOT YIIMPEHUE JIMHUHA Ha peHTreHorpamme. Hanpsoxerus 11 poma (cta-
THUYECKYE HCKAKEHNS ) yPAaBHOBEIIMBAIOTCS B TIPeIeNiaX HeOOIBIIINX TPYIII
aToOMOB Y TPaHMUII 3€PEH, MIOCKOCTEH CKONBKEHHS U T. TI.

Taxwie HanpsHKEHUSI MOTYT OBITH CBSI3aHBI C AUCIOKAIWAME. VcTou-
HUKOM CTaTHYECKUX UCKAKCHUI MOTYT SIBJISITHCS BHEIPEeHUst aToMOB. CTa-
TUYECKHE UCKAKEHUS IIPU PEHTIeHOTpahupOBaHUK KPUCTAIUIA JIAFOT Ta-
KOl ke 3 EKT, Kak ¥ CMEIICHHE aTOMOB TP TEIUIOBBIX KOJICOaHUsX, a
UMEHHO, OCJIA0JISIFOT MHTEHCUBHOCTD UHTEP(EPESHIIMOHHBIX JIMHUH U YCH-
TUBaroT o0 GoH. 3amMeTHM, YTO MPH TUIACTUYSCKOH IedopManu Me-
TaJla B HEM BO3HHMKAIOT MUKPOUCKAXKCHUS U MPOUCXOAUT U3MEITBICHHIE
0710K0B MO3auKH 10 pazmepoB D <10 cm. O6a 3TH (akTopa OKa3bIBAIOT
OJTHO H TO 7K€ BO3AEHCTBHE — YBEIMYNBAIOT IIMPHUHY PEHTTEHOBCKUX JH(-
PaKUMOHHBIX JIMHUM.
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Ecnu u3 ycnoBuii sKcriepuMeHTa 3aBeIOMO MOYKHO BBIBECTH 3aKJIFO-
YeHHE O TOM, YTO YIIUPEHUE ONpe/IeTIEHHOTO pediiekca BhI3BaHO UCKITIO-
YHUTEITEHO MUKPOHAIPSHKEHUSMH, TO BEJIMINHA MCKAKEHUH PEIICTKA MO-
JKeT OBITH BREIUHUCIICHA TT0 (hopMyITe:

Ad_ B

_, (164)
d  4g0
e 3 — yumpenue peduekca (B pan).
Ecnn ymmpenue BBI3BaHO TONBKO JUCIIEPCHOCTBIO, TO BEJIMYMHA OJ10-
KoB onpezensiercs no gopmyne Hleppepa:

p=_ (165)

- b
BcosB

A\ — JUTMHA BOJIHBI PEHTTCHOBCKOTO H3ITy4CHHSI.

B obrmiem ciyyae mMprHa JIMHAR Ha PEHTTCHOPAMME 3aBHCHT HE
TOJIBKO OT YIIOMSHYTHIX BBIIIE (DAKTOPOB, HO TAKXKE OT YUCTO TEOMETPH-
YECKHUX YCIOBHI ChEMKH: OT PACXOJANMOCTH MEPBHYHOTO MTyYKa, Pa3MEPOB
Juadparm, MONIOIECHHUS PEHTTEHOBCKHX JTydei B 00pasiie, HEMOITHOTO pac-
IIEIIEHUs o, — O , -Ay0uera u Jip.

Takum 00pa3oM, 10 YITUPEHUIO TU(DPAKITHOHHBIX MAKCHMYMOB MOJK-
HO CYJIUTh O CTPYKTYPHBIX OCOOCHHOCTSIX M3y4aeMOro KPHCTALTHYECKOTO
WH/IMBHJIA, U3MEPEHHE 3TOTO MapameTpa MPHoOPETaeT MPUHIUITHAILHOES
3HaYCHHE.

ITo BuIy 3aBUCHMOCTH YIIHPEHUS PEPICKCOB OT yria audpak-
[IHM MOYKHO TOBOPHTH U O XapaKTepe pacrpeeeHus TUCIOKaIUil B
KpHUCTAJLIE.

OmnpenenuTs TOYHOE 3HAYCHHE TIOTHOCTH JUCTOKAIHIA 1O PeHTTe-
HOrpadMUECKUM JaHHBIM B OOIIEM CITydae J0cTarouHo TpyaHo. Ho ecnu
AHATU3UPYETCS P OMHOTUITHBIX 00PA3I0B M HAJI0 YCTAHOBUTH HEPAPXHUIO
UX 1e(EKTHOCTH, TO aHAIN3 TPOQUIICH PEHTTEHOBCKUX Pe(IICKCOB AeacT
9Ty 3a71auy JIETKO PEIIacMOH.

Pasnenenune BKIIaI0B B yimpeHne qudpakiiHOHHbIX JTUHAN OT JHC-
MEPCHOCTH U OT MUKpOIe(opMaIHii IPOBOIAT METOIOM TapMOHUIECKOTO
aHaITH3a POQUIIS TMHUI PEHTTEHOTPAMM, METOJIOM MOMEHTOB HJIH METO-
JIOM arpOKCHMAITUH.

DKCIepUMEHTAIBHOE OMPEIEIICHHE YITUPEHHH, 00YCITOBICHHBIX JIHC-
MIEPCHOCTHIO OJIOKOB MO3aMKH M MHKPOIE(HOPMAITUSIME KPUCTAIUTHIESCKON
PEIIEeTKH, OCIIOXKHEHO TeM, UTO AU(PPAKIIMOHHbIC TMHUN Jaxe T 00pas-
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1o ¢ D >150 um, numennsix Mukpoaedopmarmii 6onee 5 10, umeror
KOHEUHYIO IIUPHHY, Ha3bIBAEMYIO HHCTPYMEHTAILHOM.

JluHyy, MypUHA KOTOPBIX OMPENENAeTCS TOIBKO HHCTPYMEHTAIBHBI-
MH (hpaxTopam (pasMepaMu MPOEKLIHHK (POKATILHOTO IISITHA PEHTTE€HOBCKOM
TPYOKH, TOPH30HTAIBLHOM U BEPTUKAJILHON PaCXOAMMOCTBIO ITyYKa PEHTIe-
HOBCKHX JIy4eH, IPOHHUKHOBEHHEM PEHTTEHOBCKUX JIydeH B IITyOb 00pas-
I1a KOHEYHOH MIMPHHBI, ITMPUHON IIEN CYSTYNKA KBAHTOB), MOTYT OBITh
HOJTyYeHBI Ha PEHTTEHOIPaMMe 3TaJIOHHOTO oOpasia. Takoit oOpaser, u3-
TOTOBJICHHBII M3 TOTO K€ BEIIECTBA, YTO U MCCIIELyeMble 00pasIibl, TOJI-
JKeH COCTOSTh U3 OJIOKOB MO3aMKH pazMepamu Oosee 150 HM, ipakTHyaec-
KM HE MMEIOIINX MHKpOHampspkeHuil. EcTecTBeHHO, 4TO cheMKa
PEHTTeHOTpaMM 3TAJIOHHOTO M MCCIIELYyeMOro 00pasioB IOJDKHA TPOBO-
JWTHCS B HICHTUYHBIX YCIOBUSIX; PH 3TOM NPEINOUTUTENbHA CheMKa Ha
I(paKTOMETpE B pEKUME IAr0BOI0 CKAHUPOBAHUSI CYETUYNKA KBAHTOB.

OKcriepuMeHTaIbHas TOMYIIMPUHA TU(PPAKIMOHHOM JIMHUHU — 3TO Ya-
CTHOE OT JIETICHHSI 3aITPUXOBAHHOM IUTOIIA/N g , 3AKITFOUEHHOM MEX Ty (-
PaKIMOHHON KpUBO 1 ()OHOM (MHTETpaIbHAasl HHTEHCHBHOCTD), Ha BBICOTY
] W(PaKIMOHHOro MakcMMyMa HaJl ypoBHeM (ona (puc. 54 a). [Tomymm-
PUHY HCCIIEyEMOTO U 3TAIOHHOTO 00pa3IoB 0003HAYNM COOTBETCTBEHHO

B’ u b'. Ecim pedmexc mveer A -06pazHyto hopmy, TO TOMYIINPHUHA — 3TO
mmprHa pedriekca Ha MOJIOBHHE €70 BEICOTHI (cM. puc. 54 0).

Crienyet yuuThIBaTh, YTO BEIMYMHBL B' 1 b', IOIy4YeHHBIC IPH ChEM-
K€ B XapaKTEPUCTUUECKUX PEHTTCHOBCKHX JydaX, NCKaKEHBI BIMSHHEM
nybnetHocTH K, -u3nydenus. Jlns onpenenenus MCTUHHON o0wei mm-

PHHBI B JHHUH HCCIIeTyeMoro o0pasta v b JIMHUM STaJOHHOTO 00pasna
HEOOXOIMMO JTMOO0 IPOU3BECTH pasaeneHue K -IyOeTa Ha KOMIIOHEHTBI
K, n K, (manpumep, rpagudeckum MCTO,Z[OM) 700 BOCIIONB30BATHCS
CHCI_II/IaHBHBIM TOTPABOYHBIM rpaduKoM, KOTOPBIH OOBIYHO HA3BIBAIOT all-
MPOKCHMHUPYIOIIEH QYHKIIHEH.

(

—

a S

Puc. 54. Onpesiesnienre ONyIIMPUHBL pediekca B' = % (au
b' —mMpuHa HA IOJIOBHHE BBICOTHI ()
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3AKJITOYEHUE

Hapsimy ¢ peHTreHOBCKO# i pakToMETpHEH BIDIOTH IO HAIIIAX THEH
IIMPOKO MCTIONB3YeTCs ¥ poTorpadmuecKuii METO, TaK KaK OH MO3BOJISIET
PETUCTPUPOBATE BCIO 0071aCTh MU(PAKIINN OMHOBpEMEHHO. B MeTone mnd-
PaKITUH 3JICKTPOHOB (B 2JeKTpoHOTpadhuu) (poToperucTpamms KapTHHEI
paccestHus JIEKTPOHOB, TI0 CYTH JIeNa, SBISETCS €MHCTBEHHBIM CIIOCO-
oom. B mocnennee necstmnerrie XX Beka Hapsiny ¢ AUGPaKIIMOHHBIMU
METOJIAMHU UCCIICIOBAHUS CTPYKTYPhI BEIIECTB MOSBUIIACH AaTOMHO-CHJIO-
Basi Mukpockorus (ACM), TO3BOJISIOIIAs KCCIIEIOBATH MOP(OIOTHUECKIE
napameTpbl 0OBEKTOB C Pa3MepaMy BCEr0 HECKOJIBKO JIECSTKOB aHTCTPEM.
ACM 3anonHua SKCIEepUMEHTATBHYIO HUILY MEXTY AU(PAKITUOHHBIMA
METOJaMH (PEHTTEHO-, AEKTPOHO- U HEUTPOHOTpadueli) U IMEKTPOHHOU
MHUKPOCKOITHMEHN C OIHON CTOPOHBI U ONTUYECKOW MUKPOCKOIUEHN — C ApY-
roii. PerTreHoBCKast qudpakToMeTpHst OMpaeTcsi Ha TEOPHIO, OOIITYTO JUTs
BCeX MU(PPaKINOHHBIX METOIOB, TOITOMY, OCBOMB PEHTTEHAN(DPAKTOMET-
PO, JIETKO MTOHSATH OCOOEHHOCTH IPYTUX CTPYKTYPHBIX METOJIOB.
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